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Gou Gu Ce Wang ( Surveying with
Right Triangles )
8 Problems

1. A city built in the form of a rectangle has a gate at mid-point of each side of

the wall. At a distance of 240 bu outside of the south gate stands a pagoda. A

person went out from the west gate and after walking 180 bu saw the pagoda.

He turned and walking straight toward it found the distance to be 1 /i and 240
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bu. Find the length and the width of the city.
Ans. Length of the wall, 1 /i 120 bu;
width of the wall, 1 [i.
Process. Let the element tian be one-half of the length of the city wall.

From the statement we have 1866240000 for the positive shi, 15552000

for the positive fang, 270000 for the negative upper lian, 480 for the posi- 311
tive lower lian, and 1 for the positive yu, an expression ' '’ of the fourth
degree whose root, 240 bu, is the required number. Double this root is the
length of the city wall. Again let the element tian be one-half of the width
of the city wall. From the statement we have 1866240000 for the positive
shi, 20736000 for the positive fang, 270000 for the negative upper lian,
360 for the positive lower lian, and 1 for the positive yu, a biquadratic
expression' 2 ‘'whose root, 180 bu, is the required number. Double this root

is the width of the city wall.
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[ 1 ] The expression in modern form is the equation: x* + 480x* - 270000x* +
15552000x + 1866240000 = 0. (C)
[ 2 ] The expression in modern form is the equation: x* + 360x* — 270000x +

20736000x + 1866240000 = 0. (C)

2. A city, built in the form of a circle, has four gates opening to the west, east,
north, and south. Jia and Yi both started from the center of the city. Jia went
out from the south gate and stopped at a distance of 15 bu. Yi went out from
the east gate and after walking 40 bu, saw Jia at a distance. !'- Find the
circumference of the city.

Ans. 1 i,

Process. Let the element tian be the radius of the city. From the statement

we have 360000 for the positive shi, 66000 for the positive fang, 2400 for

the positive upper lian, and 1 for the negative yu, an expression (2} of the

313

fourth degree whose root, 60 bu, is the required radius. The radius multi-

plied by 3 gives the circumference of the city '3/,

[ Notes ]

(1] A right triangle is formed by the center of the city, the places that Jia and Yi
stopped. Then, a=r + 15, b=r + 40. (G)

[ 2 ] The expression in modern form is the equation: — x* + 2400x* + 66000x +
360000=0. (C)

[ 3] Use 3 for 7, so the radius multiplied by 3. {G)
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[ 1) dEEPlRSS | 32 PEICRE S AP ESELA =S . ©5ZIbT, Fl)
TR ARIE , FA 5 51090 oK 24, HBr A AR 2 2 160.( 38 )
[2] HAXRBATER N : » - 14400 = 0, (FR)
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SAIEFHER, Rk, Eoa@Esgey EF A, i1990F LA
— oS HAMBRP-SHET, £160F, BiFH5RZHLAE. 5
ZEEL, Bl WmEGAKRAH 5 D7
£ 240 % -
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3. A city built in the form of a square has a gate at the mid-point of each side
of the wall. An arbor stands 90 bu from the north gate. A person started from
the center of the city and after walking 160 bu beyond the west gate saw the
arbor in the straight line with the corner of the city.!'! Find a side of the city.
Ans. 240 bu.
Process. Let the element tian be one-half of a side of the city. From the
statement we have 14400 for the negative shi, and 1 for the positive yu, a
quadratic expression ' 2!whose root, 120 bu, is the required number. Double

this root is a side of the city.

[ Notes ]

[ 1 ] The arbor, the northwest corner, and the place where the person saw the arbor
after he went out the west gate are in a straight line. Two right triangles are formed by the
line, the north and west gates. Their gou are 90 and the half side of the city. Their gu are the

half side of the city and 160. (G )

[ 2 ] The expression in modern form is the equation: x> — 14400 = 0. (C)

4. The distance of a round city and the height of its wall are unknown. Two
measuring standards, 12 chi in length, are erected in a straight line with the
city, the distance between them being 80 chi. At a point 60 chi from the first
standard the surveyor lies on the ground and sees the tops of the wall and the

first standard in a straight line. At a point 100 chi from the second standard he

H’TWE.
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) h3E, PRIBITERE, TMER—. ) 4.,
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(1] A FEERNEREREARZE . T, iICHEYNE . &, FREE,
FE . BIRBIT (RBR), FRBIT (HBE) 43K h, 1, 4, a, b, b,, X

(B ARE) FrREAR A =L+ a0 ()

[2] FHRMBRIBERN: -40x + 1440 = 0, (BF)
bd
b, - b

2 1

(3] XBHREREAK: [ = o MEBPRFSRIEZA A (F8)

[ 4]
AH B, FefdH, &, RLBmIEL, HEH1L2R, &4 80
R, A%k, BAEMZFEE, MITAEIT60 R, ABRHIELIRK
K, BERABIERE, B KR 100 R, ARBREDHL,
b EhmZEER, Fl: BHERWAEREA S V7
. mFH3IL6R, WAIEMRI20 R,
K. BEA—AREG, AfFE LW, F3] 1440 /4 F A,
~40HEH — KR AR, FHORAEAMRE, —RARBAFARE, K
Z, 133K E, RREWAER, AT RET R A B ABIEE A B IS
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sees the tops of the wall and the second standard in a straight line. ' 'What is
the height of the wall and the distance of the first standard from the city?
Ans. Height of the wall, 36 chi,
distance from the first standard, 120 chi.
Process. Let the element tian be the height of the city wall. From the state-
ment we have 1440 for the positive shi and 40 for the negative fang, a
linear expression'2'whose root is the required height. To find the distance
of the first standard from the city, use the product of the distance between
the standards and the distance of the point of the observer from the first
standard as the dividend, and the difference between the distance of the
second point of the observer from the second standard, and the first point
of the observer from the first standard as the divisor.!>'The quotient is the

required number.

[ Notes ]

[ 1] It means that the height of the wall and the distance from the first standard
were solved by the chong biao fa ( the metod of two sandards or gnomons )} of the
chong cha method( the method of double differences ). Let the height of the wall be A,
the distance from the first standard /, the distance betweén the two standards d, the height
of the standard a, the first standard backward ( or sun shadow ) b, and the second stan-

dard backward ( or sun shadow ) b,. The formula given by Liu Hui in the introduction

of The Nine Chapters of Mathematical Procedures is as follows: i = b df p ta (G)
2 1

[ 2 ] The expression in modern form is the equation: ~40x + 1440 = 0. (C)
bd

| 3 ]Liu Hui gave the formula for solving the distance: [ = 5 ’_ b
2

. The formula
[

is used here. (G)

HWE.
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1) BRI (BB ) 2 S, R ARG AR T, R
. %l . MBI, EAOBFT . ABR. ARSHNA H, d a. b, by, ¢,
m&ﬁmmaﬂﬁ:h=%fzﬁﬁuﬂm

[2] FHRHBARTERH: 100x - 2800 = 0, (BK)

(3] mEp. m=24'9-ca-6) (s
b. - b

2 I

[ 4i¥ ]
AR EFHEW, L@A S, Rehdh, &, WIBIL, HRAI
SR, 2EAMEF, bW E,. EREMEF XL, ABHIR, A
MABATION, £2HRTR, WE AR H LK, BALMHE, ARSK
6F. IMBERIBITSOY, BB, 5B £HZHIHE, Fl: W5,
BadHE D7
£, HH2L8R, MEH3 L 1R,
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5. The height of a city wall built in the form of a square, the watch tower on
the top of the wall, and the distance of the city are unknown. Two measuring
standards, 15 chi 1n length, are erected in a straight line with the city wall at a
distance of 80 bu. After walking back 30 bu from the first standard the sur-
veyor sees the tops of the tower and the standard in a straight line, the distance
of his eyes from the ground being 4 chi. From the same point of observation
he looks at the foot of the tower and the line of sight cuts 5 chi 6 cun from the
standard. Walking back 50 bu from the second standard he finds the tops of
the tower and the standard are in a straight line with his eyes. '’ Find the
height of the tower and the city wall.
Ans. Height of the tower, 28 chi;
height of the wall, 31 chi.

Process. Let the element tfian be the height of the watch tower. From the

statement we have 2800 for the negative shi and 100 for the positive fang,

a linear expression'?! whose root is the height of the tower.  To find the

height of the city wall, subtract from the height of the standard the sum of

the distance of the eyes from the ground and the length cut from the standard,

then multiply the remainder by the distance between the two standards.

Dividing this result by difference between the distance of the first point

from the first standard and the second point from the second standard. Add

to the quotient the difference between the height of the standard and the

part cut off. The result is the desired height. '3’

] “)‘WE.
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Fikfi—, @, REEWE, ARRIITER, URREE
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[ Notes ]

[ 1] This is the sort of problem of wang song ( surveying the pine ) of Liu Hui’ s
Hai Dao Suan Jing ( Sea Island Mathematical Manual ). The height of a tower is the
height of a pine. Let the height of the pine be A, the height of a mountain H, the distance
between the two standards d, the height of the standard a, the first standard backward b ,
the second standard backward b,, the distance of a person’s eyes from the ground ¢, and

the line of sight cuts from the standard c,. The formula for solving the height of the tower

is as follows: h =——— + ¢,. (G
is as follows b~ b, c, (G)
[ 2 ] The expression in modern form is the equation: 100x — 2800 = 0. (C)
dla-c -c,)
[3] Thatis, H = 2. (G)

2 I

6. The size of a city which is in the form of a square is unknown. Two standards,
in an east and west line, set 43 bu 2 fen apart, are connected by a rope tied at
the height of the observer. The east standard is in a straight line with the
southeast and the northeast corners of the wall. Walking backward from the
east standard 14 bu 8 fen and looking at the northwest corner the line of vision
cuts the rope 10 bu from its east end; walking 64 bu 8 fen farther north the
west standard falls within the line of vision. [''Find a side of the city and its
distance from the standards (2!,
Ans. A side of the city, 6 /i 340 bu;
distance from the standards, 10 /i 85-51- bu.

Process. Let the element tian be a side of the city. From the statement we

have 5000 for the positive shi and 2 for the negative fang, a linear expres-

sion [3] whose root is the required side. To find the distance of the city

from the standard multiply the length of the rope cut by the first line of

vision by the distance of the observer’s second position from the standard

and divide by the distance between the two standards. This quotient is the

H’K’OE.
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[3] FHRXABRIER N : -2 + 5000 = 0, (B&K)

[4] BREFARIBR L R 2Rt s 1 = D= D
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[ 4% ]
SHEFHR, Rk KD, HIFLk, AEMESBS Y,
ANBMF, REEBRZ, AFREAERARA, FLAZHFEE, MEAR
AT 1445 F, BBPREA, AEBARI0F, Lhibir, B
64 g%, ERRBILS, b5 @EMZHRE, F RF . KRS
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B WA 6230%, HHI10285LF,
R BREA—ARE, ARG ERLMR, T2 5000 44 FHA,
2 MH— KT R, FHREARGH, —RARHEARYK, B
Z, 1BRMWMF., wREEAIR, AANERILFEL, ABHEAEER
Z, BEAAYVE, ¥ENREARERT, FEMFARHE, AT
SEEAABRHBE, AAREFRLRAT, HHBE, b, AR

@i, AEPTIE
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[ R3]

AHE, BILT, BRAR, KEMNARIE, #HELLE, SARHER,
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ying cha. Subtract from the ying cha the distance of the observer’ s first
position from the standard for the divisor. From the whole distance walked
by the observer subtract the ying cha, and multiply the remainder by the

observer s first distance from the standard.'*) This result gives the dividend.

[ Notes ]

[ 1 ] This is the sort of problem of wang yi ( surveying the city ) of Liu Hui’ s Hai
Dao Suan Jing ( Sea Island Mathematical Manual ). Let a side of the city be a, the
distance from the standard to the city I, ving cha D, the distance between the two standards
d, the east standard backward bl, the west standard backward bz, and the line of sight cuts
from the standard c¢. The formulas of ying cha and the side of the city given by Liu Hui are
as follows: |
c(b,-b)

cb, ,a = . (G)

D:d c-a

[ 2.1 Qu biao qu cheng is used in the original text. A redundant qu hefore biao , or a

redundant gu cheng before qu biao is added. (G)
[ 3 ] The expression in modern form is the equation: ~2x + 5000 = 0. (C)

[ 4 ] Liu Hui’ s formula for the distance from the standard to the city is used here:
b (b,- D)

! =1 . (G)
D - b,

7. A camp is situated on the top of a hill. At the foot of a rocky cliff is a
fountain from which they draw water. To find out the depth of the cliff they
use two right triangles. The gou( short leg )of each being 4 chi arranged one
above the other with a distance of 16 chi between their gu . As they look down

from the vertex of the lower triangle to the fountain the line of vision cuts 6

H#OGE'.
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[1] mEXE (SR E) 2EAXRE. WERASE. idaR. 98,
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2 T ¥
(58)

(2] AHAHBLIERN: x + 220 =0, (BR)

[ 5 ] |
AHALTAEA—ELE, BEATHARK, HARLKD R mEHNE, £
L ERAE—4E, SABAR, MY EZRZREK, ATR6R, At
44 BT LEF, 04831 L6R, LMY ERZRK, ANEBRSR
6, F: BRAZI?
& BixR22L,
K: BREA—HBR, AoBRFERXLB, BRI 2REHFHR, 1
T A — R BB FHAAEA BRI, —RAZEBA AR, IR,
HABZRK, HEHM,

8.
[FExX]
AEBINGE, A5, EERiLL, SAE=R. #8718, ATHK
WURASH, B8, AFTRRAGFA4r, XESEET L, HiEH -
FRHR, ENEHFEIEH, AEBR=RAT, L8, ABRZR
Pg=t, (0 el 30T JLAR?
BH: ITE—L.
ARE . SERTT—HITHE, WBKZ, BHTRIES, AARS,
B Hmi—, 2 8 TE. &R,



chi from the gu. As they look down from the vertex of the upper triangle to
the fountain the line of vision cuts 5 chi 6 cun from its gu. ' ''How far below
the first triangle is the cliff? |
Ans. 220 chi.
Process. Let the element tian be the distance of the cliff below the triangle.
From the statement we have 22 chi for the positive shi and 1 cun for the

positive fang, a linear expression 2! whose root is the required distance.

[ Notes ]

[ 1] This is the sort of problem of wang gu ( surveying the cliff ) of Liu Hui's Hai
Dao Suan Jing ( Sea Island Mathematical Manual ). The distance from the vcﬂexl of the
upper triangle to the fountain is the depth of the cliff. Let the depth of the cliff be h, the

height of gou a, the distance between the two right triangles d, the upper gu b, and the

db,
-a (G
5 4 (G)

2 I
[ 2] The expression in modern form is the equation: x + 220 = 0. (C)

lower gu b,. The formula of the depth of a cliff is as follows: & =

8. To measure the gate of a city, use two equal right triangles, one placed 5 chi
above the other. The gou ( short leg ) of each triangle is 3 chi. The line of
vision from the vertex of the lower triangle to the top of the gate cuts from its
gu 4 chi 8 cun; the line of the vision to the bottom of the gate cuts from its gu
2 chi 8 cun 8 fen. The line of vision from the vertex of the upper triangle to the
top of the gate cuts from its gu 3 chi 6 cun; the line of vision to the bottom of
the gate cuts from its gu 2 chi 4 cun!') Find the height of the city gate.

Ans. Height of gate, 10 chi.

HHWE.
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[ 8] _
1) SR (S Z A, 2 AR, [TREA
B MBI, K. K A AR, SRR, BE AL, B TR
Hh, d. by, b, c,. c, NIEHREARARK, p= ILG (B2 0) b (6 -c))
| ) (b, - b,)(c, -¢,)
(%)

[2] AR N: -5 + 5000 = 0. (BR)

[ &iF]
AAF L LM P — B, RelR16 &5, £ L EAE—4, &4 5
3R, MAK ERMZ M, NTHRARST, B2, ATK2KS
T84, XMIEHET Lo, L£RAESR, ARG ERHSAZHA,
ANEBEIRO6FT, XZIMHM, NER2R 4T, Fl: mAFAHZ V7
Z: N&l L,
K: EEA—AWRITE, AhofF kK8, 53] 50 44 FHA,
~SHA—KFREAEK, FRBFS, RFIANZH, FEHE,



Process. Let the element tian be the height of the city gate. From the state-
ment we have 50 cun for the positive shi and 5 fen for the negative fang, a

linear expression 2/ whose root is the required height.

[ Notes ]

[ 1 ] This is the sort of problem of wang ging yuan of Liu Hui'’s Hai Dao Suan Jing
( Sea Island Mathematical Manual ). The height of the city gate is the depth of the water.
The top of the gate is the bank of the river, and the bottom of the gate is the white stone. Let
the depth of the water be A, the distance between the two right triangles d, the upper gu of
wang an ( surveying the bank ) b, the lower gu of wang an b,, the upper gu of wang shi

( surveying the stone )c , and the lower gu of wang shi c,. The formula of the depth of the
dlc, (b,-b) -b (c,-c)]
(b, -b,)(c,-c,)

[ 2] The expression in modern form is the equation: ~5x + 5000 = 0. (C)

. (G)

water given by Liu Hui is as follows: & =

H’fmﬂ.
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[ FEx )

w A S —AT, SELT S BAETRKEE, k=141,

RREEE—FD, K E—RXEF, 8. #HHEKFE,ER. =REE?

EH: KE—XZR, K—L=R, EK—LHR,

ARE: S RKIL—AKE, Kk, 8 _-F—-a,+H EE, —8IL
+ R, —AIERR, EAHZ, AR, XN XKT—RHEK,
BORZ, BoF=EHA+=NIESE, —ET+EHIEY, —HIERB,
YHITZ, Bl am, XK -AEK, PRz, 8 _-TtaEN
THAESE, — FHT/RH, —ANE, FHFFZ. 4 &,

[ %]

[ 1] . BERARREALR /K I S LA AR ST, 7 RPN & LUK b K IR A IR
M5, iBHa,, a, ENTEEAFIRb +3, b+ 1, FRaE+b = (b+3)% a2+
b= (b+1)?% a +a,=14, XRHE a MAGEE c - bR b, T cWIERE, (L
BHAY AREMAT ARy = L b o at (b (g

[2] FHRMBAERN: 2 - 192x + 2160 = 0. (BR)

(3] FHRBBRIEAR: ¥ - 194x + 2353 = 0. (BR)

[4] FHFXBBATER N, 2 - 198x + 2745 = 0, (BE)

[ &%)
HAR: BEFR—FT, &i11L4R, —BEFFLBHE, dKEHF3
R, —BAEAFR, KERIIFIR, F. HfELKF, KR, =F
L E DR



Huo Wen Ge Tuan (Problems in
Poetic Form )
12 Problems

1. A side of a square pool is 14 chi. A reed growing on the west edge extends
30 cun above the water. A rush growing on the east edge extends 1 chi above
the water. If the tops of the two are tied together they will meet on a level with
the water. [') Now tell me, how we can decide the three questions.
Ans. Depth of the water, 1 zhang 2 chi;
length of the reed, 1 zhang 3 chi,
length of the rush, 1 zhang 5 chi.
Process. Let the element tian be the depth of the water. From the statement
we have 2160 for the positive shi, 192 for the negative fang, and 1 for the
positive yu, a quadratic expression [?! whose root is the required depth.
Again let the element rian be the length of the rush. From the statement
we have 2353 for the positive shi, 194 for the negative fang, and 1 for the
positive yu, a quadratic expression!?’ whose root is the length of the rush.
Again let the element tian be the length of the reed. From the statement
we have 2745 for the positive shi, 198 for the negative fang, and 1 for the

positive yu, a quadratic expression!*] whose root is the length of the reed.

[ Notes ]
[ 1 ] Where the reed and the rush meet divides the water into two parts. They are two

gou of two right triangles. They both equal to the depth of the water b. Let they be ) and a,.

HWE.
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Z: RKR1L2R, K13 R, BKk1L5R,
K BRA—HKIK, ARk RLB, 1522160 464 ¥ &7,
—192A—RAZE, | ARFHRAZIK, FF5, BPF. HE5FM,
X: BRA—AEKK, AR ERKLAM, 5352353464 F A,
—194 A —KRAEZK, | ARZFKREH, FEF5, Bpif, FEHM,
S EEA—HEE, AdeBih kR, 55 2745 HFHOR,
198 H—RAZH, 1 ARBRARZK, FE5, BiF. HEFF,

HHIE N

B

2.

[ R3]

il SRVHEES . Fam Bit—a, Ml M=%, B =7

BE— Ao #RRILER 3}, BEEE R+ AU R FREREE, LS

B LA R

KE: BE=TEE¥, Bt — ATAAZ
B — B — AT %, BEHAARSAZE.

REL SERTT—HER, MBRZ, B=+H8%, ASAF. ©
52, Fkfi—, O BENER, X R ARER, Rk,
HE=FHEL, ANSFH, FABFEFTi—, ) GRE, .
Rt HRBEEAR, MELRZ, B HES, ANSH. L,
Fikfi—, CEREA, X LRI WKBEEAR, WER, 18
SH—FHRET, AIAY, FFEBEHT—, () SREAK, R
#, iz, &, |
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Their xian are b + 3 and b + 1, respectively. Then, a’+ b* = (b + 3)% a2+ b = (b +

1) a, + a, = 14. This is a problem to find gu b and xian ¢ from gou a and gu xian cha ¢ -

b. The chapter gou gu of The Nine Chapters of Mathematical Procedures used the following
a - (c-b)? _a+ (c-b)?
2(c-b) 2(c-b)

[ 2 ] The expression in modern form is the equation: x> — 192x + 2160 = 0. (C)

. (G)

formulas: b =

[ 3] The expression in modern form is the equation: x> — 194x + 2353 = 0. (C)

[ 4 ] The expression in modern form is the equation: x> — 198x + 2745 = 0. (C)

2. I heard some one talking in the midst of the fog saying he had a mixture of
wine, weak and strong; also that three persons could be intoxicated by means
of the strong while three sheng of the weak could intoxicate orly one.Fifty
persons here were found lying in their seats after twelve dou were gone L
May I ask those who are skilled in calculation, those who come from the four

directions, How much was in the mixture, the weak and the strong?

Ans. Strong, 3 sheng 7% he, _intnxicating 11:5]1* persons; |
weak, 1 shuo 1 dou 6 sheng 2% he, intoxicating 33% persons.
Process. Let the element tian be the amount of the strong wine. From the
statement we have 30 for the negative shi and 8 for the positive fang, a
linear expression!2)whose root is the required amount of the strong wine.

Again let the element tian be the amount of the weak wine. From the state-

ment we have 930 for the positive shi and 8 for the negative fang, a linear

expression! > whose root is the required amount of the weak wine. Again.

-H’!O‘OE.
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[ %)

(1] %, i568, RO BIRTEL B, WA, ICE SERHEZA BB SEEZ
ASFida, m, b, n, WEHHERR: 3a=m, +b=n, a+b=12, m+n=50,
(%)

[2] FHXMBULER N : 8x - 30 = 0, (BK)

(3] FHFXHBAIERK A : -8x + 930 = 0. (FK)

(4] ﬁﬁiﬁﬂ?ﬂftﬂéi‘tfy: -8x + 90 = 0, (BR)

[5] FAFXMBARIERR: 8x - 310 = 0, (BK)

Bek FHIAEN

[ 4iF )
AR BENWHIAZ: B aEE—& HE—AH35 88 =
HEp—A, EEEM 124, EPERES0A, EwHEE, LMK
BILS B
% WA 3 TS A, BB 1L A
Wil 1 5 146725 4, ME 383 AL
K RRA—ABRBHK, AdofF ik RAM, F2] 30164 F 2R,
8AE A — KR R, FHOAM A MG, — KA RBFARYE, R,
HEAK, X BAA—ABEK, AP HERLLH, 52930
A EHA, SHA—RREAHK, FABEFHRZ, FaEEHK. X.
BET—HBEBAN, Aok ik RAM, 539044 FHR,
—SHEAH— KA, FRAMEAHEGBH, —KARBMEAREK, &
Z, BMEAAK, X BREA—AKBRBAN, ABRFERE
A, 158 310 AFHR, SHEA—KAZY, FABEFTRZ, 7
kB A, MZARR, Hg . FEE,




let the element tian be the number of persons who were intoxicated by
means of the strong wine. From the statement we have 90 for the positive
shi and 8 for the negative fang, a linear expression [*/ whose root is the
required number of the persons. Again let the element tian be the number
of the persons who were intoxicated by means of the weak wine. From the
statement we have 310 for the negative shi and 8 for the positive fang, a

linear expression '*! whose root is the required number.

[ Notes }

[ 1] The wu is a drinkery in the saying of Song and Yuan dynasties. The [i
refers to the weak wine. Let the quantity of the strong wine and the number of the
intoxicated persons be a and m, the quantity of the weak wine and the number of the
intoxicated persons be b and n. From the statement, we have the following expression:
3a = m, —éb: na+b=12,m+n=50 (G)

[ 2 ] The expression in modern form is the equation: 8x — 30 = 0. (C)

[ 3] The expression in modern form is the equation: -8x + 930 = 0. (C)

[ 4] The expression in modern form is the equation: -8x + 90 = 0. (C)

[ 5] The expression in modern form is the equation: 8x — 310 = 0. (C)
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3.

[ F3 ]

nl: SHEH—EE, ERPEAS. MAREMTE =, U R
FHILRH -

BE: RS, B+ M=E4mE, &g
ARHE: SIRKITT—RK, MBRZ, BAA-LT/NERIESE, NELTA
Ftx FRE, —MIER, =FFHZ,BIEK, X SLRIT—HME, I
BORZ, BHALTNARAESE, NAETANMNERE, —HiEHE, =
Fe vz, 8. 3 SLRIL—HM, WFRZ, §—F 0Lt
ANAmsE, —NIERS, SFARZ S, M. 3 SLROT— N8, IR
Rz, B—HEILTNHNIESE, —A0RE, FHIFZ, 1o 88, |F.

WEHHEIE

B

[ E% )
[1] BBP: ab = 240, a* + b* = (2 x 13)2, (¥)
[2 ] Efa] “pUs”, FARM, BEAL, AR, BOER, 55 (5)
[3] FHRMBAREAXA: ¥ - 67627 + 57600 = 0, (Ff)
S (4] FIAMBUER N - + 676x> - 57600 = 0. (BE)
[5] FHAMBUER A 2 - 1156 = 0, (BR)
[6 ] FHFRABER A —x2 + 196 = 0. (Bk)

[ &%)
AR, BiEAwElew, EPE¥k—#4r, HEWALI13, FEIWFE
RAH,
Z: K24%, B10F; Kife34F, KR £ 14 %,
R: EREA—H AWK, Rk L LM, 5] 5760044 % &%
R, 67644 —KRAE, IEARBRARK, TORF, F2K,
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3. In the middle of a mu of land in the form of a rectangle grows a bamboo.
The distance of the bamboo from each vertex is 13 ( bu ). ! ' 'Tell me, please,
what are the numbers for the four dimensions?
Ans. Length, 24 bu; width, 10 bu; he, 34 bu; jiao, 14 bu '*".
Process. Let the element tian be the length of the rectangle. From the state-

ment-we have 57600 for the positive shi, 676 for the negative upper lian,

and 1 for the positive yu, a biquadratic expression'?! whose root is the

length of the rectangle. Again let the element tign be the width of the

2
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rectangle. From the statement we have 57600 for the negative shi, 676
for the positive upper lian, and 1 for the negative yu, a biquadratic ex-

pression (4 whose root is the width of the rectangle. Again let the

element tian be the he. From the statement we have 1156 for the nega-
tive shi, and 1 for the positive yu, a quadratic expression !’ whose root

is the required he.  Again let the element tian be the jiao. From the

statement we have 196 for the positive shi, and 1 for the negative yu, a

quadratic expression {®/ whose roet is the required jiao.

[ Notes ]

[1] Thatis, ab = 240,a* + b* = (2 x 13)2% (G)

[ 2 1 Because there are “four dimensions” before the answer and the process for
getting the Ae and the jiao behind it, the answers for the /e and the jiao are lost here. Now
we add them. (G)

[ 3 ] The expression in modern form is the equation: x* — 676x* + 57600 = 0. (C)
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X: RRA—HABGE, AofFELREBE, /5] -57600 1%
FTHA, 676 A —KAZK, -1 ARGAARK, Fuky, %
FE, X. BEXA—AKEAR, AR FELLB, 35 -11564
AR, IFARRHRKRAAK, TFF, FR KA, X BRXL
— A KA E, Do FERLEM, BB 196EAFHA, - 1HAHRS
KRRAZY, HF5, #BRKHE, H6PF.

4.
[ Rz )
E: TH W, HEREE. BFEE, EEKHL EFEN
b, BT EFHE, ) fEREES, 00,
Z8: — LRSI R
ARE: MXRIT—HYTTwPHE, WHAKRZ, BZAN+RERIEE, —
AT, 5K, FiEm—, ) gl

[ %)
(1] EP: 2122 (2x-19) =197 = 19} - 19 = 0, ($§)
[2] FHABOBFLIEA . 16x - 285 = 0, (BR)

[&iF]
AAE: KA —wiB, WEEAHF BBAHF—1E, EBEK]T9,
By, BRELSOLL, L& Fil, mExdr, RAZVBE,
Z:. 1374841423 5#,
R: ZEA—AEFPRABR, Aok LLB, 35 28544
TR, 16EA— KRB, FEOAEAMRE, —RARBEEHSR
#, Bz, BFF, FeHE.
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[ 4 ] The expression in modern form is the equation: —x* + 676x* — 57600 = 0.
(C)

[ 5] The expression in modern form is the equation: x> - 1156 = 0. (C)

0. (C)

[ 6 ] The expression in modern form is the equation: —x* + 196

4. T had some wine in a bottle which I took with me eve,rywhere I went in the

AdUHE
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lovely spring weather. Whenever I met a drinkery I added to the wine as
much as was left in the bottle. Every time I stopped at a good place I drank
one dou and nine sheng. Four times I met drinkeries and four times I stopped
at good places. I found my bottle was entirely empty. ‘!! Find out for me,
please, how much wine there was when I started.

Ans. 1 dou 7 sheng 8 he 1 shao 2 chao 5 cuo.

Process. Let the element rian be the amount of the wine in the bottle when

he started from home. From the statement we have 285 for the negative
shi, and 16 for the positive fang, a linear expression [2! whose root is the

required amount of the wine.

[ Notes ]
(1] Thatis,2 {2[2(2x-19) - 197 - 19} - 19=0. (G)

[ 2] The expression in modern form is the equation: 16x — 285 = 0. (C)
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2l s REAF AR, BER. BE T, A, LR
I,

ZH . FNEL LT, r/VE =30
R=EW+=M&, fri—a LT3
ARE . SERIG—HEE, mBRZ, B ANRTILA=TENRE,
m+—RMJ, FFEBFEEm—, 2! 8%, X. RIL—NRE,
MKk, B—ANTFAR+=HEE, M+—HRH, £, TEM
—,DPIRR, X SRIG—HRM, WRRZ, B=ATFHAZ
+=RIESE, W+—REH, FEBFEFBRZ, 4 B85, X i&
KIo—RRM, WK, BNF=18ESE, M+—Kml, b
L, FiEkm—, 5 8RM. &hl,

| ] iERB R, REEEMFIN N a, m, b, n, BLEHHRRN:
%a=m,%b=n,;—'a+%b=m,a+b=1000n(%)

(2] FHRBARIERN: 41x - 26937 = 0, (FR)

[3] FHRMBMARIEARRN: —41x + 14063 = 0, (BK)

[4] FHRBIRIER R : -41x + 32923 = 0. (FF)

(5] HAHRHIRER N : -41x + 8036 = 0. (BR)

[ &% )
HA: KA 999 T4k, FarsEsl, R 1000, 11 LAKIR, TH
B4 34k, BRI FelE, LEHR, RIULART
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5. With 999 cash I bought 1000 pears and apples. I bought the pears at the rate
of 9 for 11 cash and the apples at the rate of 7 for 4 cash. [ How many of each
did I buy?
Ans. Number of pears, 657;
cost of pe;ars, 803 cash;

number of apples, 343;

cost of apples, 196 cash.

Process. Let the element tian be the number of the pears. From the state-

30ISSY?

ment we have 26937 for the negative shi, and 41 for the positive fang, a
linear expression [2! whose root is the number of the pears. Again let the

element tian be the number of the apples. From the statement we have 14063

=]
e =
e
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e
€2 &
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for the positive shi, and 41 for the negative fang, a linear expression ' *!
whose root is the number of the apples. Again let the element tian be the

number of the cash spent for the pears. From the statement we have 32923

[4]

for the positive shi, and 41 for the negative fang, a linear expression
whose root is the number of the cash spent for the pears.  Again let the
element tian be the number of the cash spent for the apples. From the state-
ment we have 8036 for the positive shi, and 41 for the negative fang, a linear

expression 3} whose root is the number of the cash spent for the apples.

[ Notes ]

[ 1] Let the number of the pears and its price be a and m, and the number of the

apples and its price b and n. The expression is as follows:

Uy ombp=nllygs 2p-999 4+ b=1000 (G)
9 7 9 7



Z: 36574, MR B03 X;
RF 3434, #4196 X,
R: BRA—HRE, DoBRFHRLKEM, 53] 2693744 F KA,
MNHEA—RFAREK, FABEIRZ, FHHK, X BXL—AXR
¥, UdB kKA, 2] 14063 1A FHA, -4 1EAH—KA %R
Ko FHAEARBH, —KRREABEAEAGRE, 2, FREK, L.
BEA—H Y, ARG LM, F3] 3292344 FHA, —41
YA —RRRE, FABFFRZ, F5 M4, X ZXAL—ARI,
AR F ik R, 1328036 EAFTHA, ~-NHEAHA—RAZK, ¥
BAV ARG, —KRARBEAREK, X, RN, HFEPTE,

HHAIEN

Bef

[ |’ )
aial: BEAEEIBGE, . BARF S, MEERZIEE, SRE—
R, QALETHE, MB=REF V. BKEEAERM, BREXTH
o
5B, FFK-LER, BRZHEAR,
ARE: SERITT—HHEK, MBRZ, B—a/\RIEEX, Whilr, I
Tz, 12 188K, X dMRI—RIERK, KRz, 1§
—JIRIESE, WHRAEF, X, FERE—, 2 BRK. f

[ %)
[1]i0F. BESSIHNI, o, MIER—LI2 58 10R N4, 1 - 358,

K cHEMEARE, HXER: [-1=c, TRI10P+ (1-3)2=(1-1)%(5)
(2] FARMBILER ;. —4x + 108 = 0, (FR)



[ 2 ] The expression in modern form is the equation: 41x — 26937 = 0. (C)
[ 3] The expression in modern form is the equation: ~41x + 14063 = 0. (C)
[ 4 ] The expression in modern form is the equation: ~41x + 32923 = 0 (C)

[ 5] The expression in modern form is the equation: ~41x + 8036 = 0. (C)

6. There is a swing in my yard. The height of the pole and the length of the
rope are unknown. The feet of my pretty little maid were on the board which
is one chi from the ground. Pushing her two steps forward I found that the
board was just three chi from the ground. ''! How can the height of the pole
and the length of the rope be known without the knowledge of solving the
expression with the element tian as unknown?
Ans. Length of the pole, 27 chi;
length of the rope, 26 chi.
Process. Let the element tian be the length of the pole. From the statement
we have 108 for the positive shi and 4 for the negative fang, a linear ex-
pression [ 2] whose root is the length of the pole.  Again let the element

tian be the length of the rope. From the statement we have 104 for the
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(3] FHRMTATERN: —4x + 104 = 0, (BK)

[ 4% ]

AAR: RAKT HA, B, FKETFRle, XEREEIIR, RH B
Ro ARZET2Y, MBEBHBIR, HEKAEEZ2 4, RERAL. R,
. HK2LTR, ¥Kk2L6R, |
K: BEA—AFK, AioBRFERKILM, 53 108 1EH4F 00,
-4 A —RAFZH, FABT %X, FHK, X BRA—HE
¥, UhefAFERXLE, B8 104EHFHEA, AEH—RAZRK,
THAE AR, —RAZBAEARY, 2, FEK, FEHE,

[ R3]
HE: AR-ZE—T8&, HALELILE. SHRES=XE, T&ES
Rk L1
EB: &+, BRIr—B =151
ARE: SLRIC—NEE, BRZ, BFH &%, —hals,
— RN, SEHZ, . X SLRou—REsREYr, I
Rz, B—ANFTRE=VREE, =N, —RNIER, FIrH
Z, Bl gk, A

[ %)
(1] icEEEsHEMN TN a, m, HEHRXRRERX: an = 6210, 3(a-1) =

mo (¥5)



positive shi and 4 for the negative fang, a linear expression‘*! whose root

is the length of the rope.

[ Notes ]

[ 1] Let the length of the pole and the length of the rope be [ and ¢. Then, a right
triangle is formed with its gou 2 bu, that is, 10 chi, its gu | — 3, and its xian c. And we
know,/ - 1 = ¢, then, 10? + (I -3)?= (1 -1)% (G)

| 2 ] The expression in modern form is the equation: —4x + 108 = 0. (C)

[ 3 ] The expression in modern form is the equation: —4x + 104 = 0. (C)

7. 1 asked some one to buy me some beams for 6210 cash. The cost of transporta-
tion was three per beam which was paid by giving one beam to the transporter. ! !
Ans. Number of beams, 46;
price per beam, 135 cash.

Process. Let the element fian be the number of the beams. From the state-

ment we have 2070 for the negative shi, 1 for the negative fang, and 1 for

the positive yu, a quadratic expression 2! whose root is the number of the
beams.

Again let the element tian be the price per beam. From the statement

we have 18630 for the negative shi, 3 for the positive fang, and 1 for the

positive yu, a quadratic expression | whose root is the price per beam.

[ Notes ]

[ 1 JLet the number of the beams and the price per beam be a and m. The expression

HJFGOE.
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[2] FHRAOBRIERF: 2 - x - 2070 = 0, (BK)
[3] FHFRBEIEIERR: 2+ 3x - 18630 = 0, (BK)

[ &% ]
HAF: 6 21048, AL LU, SHMpR 3 ¥, AR 1H
o BEIOFREE, 3R FHILA,
Z: BT 464, M 135 L,
R: BRA—HARTH, Ao FERKAR, 53] 207044 K
MR, ~1A—KAERK, 1 ARBHRARK, FFF, RFARTFH,
L: BRA—AFRMET LM, AR T kLA B 752]-18630
VEAFEAR, 3H—KRREK, | ARGRARK, FF5, #1535
HH M HEFTE,

8.
[ F3)
silal: AW EANTN, RESF R, BRHEE—T, K. F
ME—R. T& TR E, MFESE—1T/\. 8FitE+TLti. —1
APAKE . L4 -FEHY, HEFZIER, Y KEEHAILM,
WR A WELA
BE: S, KBTS
-+ AW FEE = AN TFEE A —8— 1+ L
Z—;
AN =R A A U AN = D 1) S
ARH: SERITT—HFEN, Rz, 58—+~ 24 WERNIESE, —
AR, —TRIER, YAEFZ, )RR, KERE, L
STHEBEEEBNE, DB, EmmEm—. AR, B2,
K. B A,



is given as follows:am = 6210,3 (a -~ 1) =m. (G)
[ 2 ] The expression in modern form is the equation: x2 ~ x — 2070 = 0. (C)

| 3 ] The expression in modern form is the equation: x> + 3x - 18630 = 0. (C)

8. The perimeter of a square city is 64 /i. The ground of the city is to be

covered with gold bricks one cun in thickness, the sum of the other two di-
~mensions being one chi. One cun of gold weights 15 liang 18 zhu, and each
brick weighs 17 jin 15 liang 6 zhu 7 si 2 shu. '} To find how many gold
bricks will be needed makes the master confused.
Ans. Width, 2 cun 4 fen; length, 7 cun 6 fen;
number of the bricks, 454736842175 ;
weight, 81648000000 jin.
Process. Let the element zian be the width of a brick. From the statement
we have 18 cun 2 fen 4 li for the positive shi, 10 cun for the negative fang,
and 1 cun for the positive yu, a quadratic expression |2/ whose root is the
width of a brick. To find the number of a brick, divide the area of the city
by the area of a brick, and the quotient will be the number of the bricks

needed. If there is a remainder, express it as a fraction in lowest terms ' */,

EWE.
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[F%]

(1] iCHBMEAK A, WA = %: 16, HEF% 162 & = 82944000000

o SREHN. KABINa, b, Ma+ b= 10, KEE N ab, HERY 155 18 &
x (abx1) =17 1568 T742%F, (%)

[2] AARBOBCER N : 2 - 10x + 1824 = 0, (BR)

[3] Fex - 82944000000 ()
24 x 76

[ 5% )
AAFE: FRPK64Z, Bitekdiin, &4&4#51F, Kt
BIR, 1T2FI15H, LI8BAITH, BF#HTITH, 15H64k7
B2 5. RHEKAESY, RHARAS VK
. #2144, KT1+T64,
ek H 4547368421 ¢ 4.
4 5% % & 81648000000 7 . |
R RERA—ALHZH, efRF kLM, 155 182444 % %
R, “10A—RAZE, | ARGRARK, F¥+7, RIFHNEHZ
e KBk AR B0 T HOR  me \mARAE A AR
gk, A1 E#egERBEARE, B, BiF, BFREA, 48, A5
HAHH . HAPTE,

9.

[ R3]
g [Rl: S5 NOREEME, AL FI/DXEVE, SEiU BB EF , SHaTRmENE .

ARETFHE, H25EME, SEHRENY, W+XEaH,
BE. AR=RAEX, ARN+—X=4%z;



[ Notes ]

[ 1] Let every side of the square city be A. Then, A = 94& = 16. Its area is as
follows: 16% li =82944000000 cun. The width and the length of the gold brick are a
and b, then a + b = 10. lts area is ab. Its weight is as follows: 15 liang 18 zhu X
(ab x 1) = 17jin 15 liang 6 zhu 7 s5i 2 shu. (G)

[ 2 ] The expression in modern form is the equation: x2 — 10x + 18.24 = 0. (C)

[ 3 ] The number of the bricks is _82944000000 = (G)
24 x 7.6

9. The principal and interest for a certain length of time amounts to 4000

cash. The sum of their roots equals the number of days; the difference

between their square roots is 40. '
Ans. Principal, 3600 cash;

interest for one month, 41 %cash;

HW.
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BB _—+H, FENEL.
RE: IRT—NER, BTE—WAR, X, BRERZ, B—HN
WA HBE, WFHNY, —R%E, FHFZ. B, ) 4k
MRz . &,

Het BFHAER

(ER]
[1]iE48. MBI Ha, b, Wa + b = 4000, iCBEHm, Wia + /b =
m, va@ - b::d‘(]g(%)

[2] AHFRBIRIEL R - + 4000x - 1440000 = 0, (BR)

[ 4% )
HAF: AARBRSE, KEA JRE, AR 4T, Lo RAE
Ao, ARG AFF, AAmE AEARF, FEAARELSNH, BEIOLL
M, KA BRE L%, R, WREWF,
%: AE3IK 600X, AMAIZX;
2 A 208, #]4%400 X,

K: BEA—ARK, WL—HF4&k, RAE-RTRAKZ, 35

—1440000 A F X, 4000 A — KA L, -1 ARSAARK, FF

7, BEAR, AASHEBMERZ, HEPTE.

10.
[Rx])
E: oA EH—EiL, BT ASETM #THREERSK, U fERK
FHEH
BH: KR—1+A#, @—ta%,



number of days, 2 months 20 days;

total interest, 400 cash.
Process. Let the element tian be the principal, and the element di the interest.
From the statement we have 1440000 for the negative shi, 4000 for the
positive fang, and 1 for the negative yu, a quadratic expression 2] whose

root is the required principal.

[ Notes ]

[ 1] Let the principal and the interest be a and b. Then, a + b = 4000. Let the
number of the days be m, then Ja +/b =m,{a ~{b =40. (G)

[ 2 ] The expression in modern form is the equation: ~x? + 4000x — 1440000 = 0.

(C)

10. There is a mu of land in the form of a rectangle. If one walks from one
corner to the diagonal corner going horizontally 6 bu, vertically 4 bu, and
then diagonally 15 bu, he will reach the corner of the land. ''! Find the di-
mensions of the land.

Ans. Length 16 bu; width, 15 bu.

1T %000 gu
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RE: StRTT—HK, #ht—HF, X, HESRZ, BEAELTA
ARELZ, ~FTABANATRIEY, —Bt+=h# LB, /% TR,
—RIER, =FFFZ, P BK. X: LKIT—AW, HIT—H
K, X, HESRZ, BEAETAERESE, —TLEZ AR,
—B-E+=X% L, — A THE, —HIER, =FfHITZ, P
1B, &,

Hdt HsHAIER

[ %)
[1]icEHBERR. K99 Ha, b, Wab =240, (a-6)2+ (b-4)* =15
(¥8)
[2]) FFARMBARIER A : ¥ - 82° — 173x2 - 2880x + 57600 = 0, (FR)
[3] FFHRMBAIER A 2 - 126 - 173x - 1920x + 57600 = 0, (BK)

'llb [ 5%

350

BAF: BAHLE 1wk, RIT6TEIT4, 4H4TISEMA, FEIKHE
230,

. AmaKk16Y, M15Y,

K. REA—AHELEGEK, A—AHH, RASRARESKZ, F35)
57600 % % MR, —2880 H— KT AN, —1T3 A =KF A, 8%
ZhTAM, 1 ABRHAALZYK, FORF, FEK, X ZAXT—
HEEEE, hit—hk, Xabnaicd Kz, 72 57600 A F
R, —1920 Hh—kAEM, 1713 AKAAEH, " 12AH=ZKRARK,
| B R HATREK, ek, BER, HEHF,
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Process. Let the element rian be the length of the land and the element di

the width. From the statement we have 57600 for the positive shi, 2880 for
the negative fang, 173 for the negative upper lian, 8 for the negative lower
lian, and 1 for the positive yu, an expression' 2 lof the fourth degree whose

root is the required length. Again let the element tian be the width of the

land and the element di the length. From the statement we have 57600 for
the positive shi, 1920 for the negative fang, 173 for the negative upper lian,
(3]

12 for the negative lower lian, and 1 for the positive yu, an expression

of the fourth degree whose root is the required width.

-
[~ =]
e = J
—
W‘-
e
=
-
i
7c)
e

[ Notes )
[ 1] Let the width and the length of the rectangle be a and b. Then, ab = 240, (a

-6)2+ (b-4)=15. (G)

[ 2 ] The expression in modern form is the equation: x* — 8x* — 173x* - 2880x +
57600 = 0. (C)
[ 3 ] The expression in modern form is the equation: x* — 12x* - 173x* — 1920x

+ 57600 = 0. (C)



1.
[Fx])

e —RBA=RA, NE=FKE&ER. EABBFORE, V) AWE
ehEM.
EH: fitAt+ stz +H.
ARH: SERT—ARFRE, WHRRZ, B=ENEEL, NHHINTT,

—HIER, FAFZ, D BRTRNT. R, 5. LBER, &
A,

WFHIE N

e

[ %]

(1) iEBFRB N r, FMARAN: (10 -r)2 =2+ ( “‘_;" )2, (3B)

[2] FARBOBLIERHN: 2+ 60x - 300 = 0, (Pr)

[ &)
Q HAF: —RBEIRE, AFZZRAKRAK, FAFFFCR, FHK
B2 pdbiEw,
& ?*uféﬁﬁs—gg'-h
K. BEA—HKBZ, Adof kR, 53] -3004F 4 % H, 60
HAH—RRAAK, | HARBARARK, FF+75, #2RB4F,
FRR, REFFXG%. T 5B LA NS mERZ, WAF
SR, BHAHE,

12.
[Rx])
gia): HEERKSEY, KRE=ZAHBE. A%, RZREMHF, BT



11. Three crystal balls lie on a silver plate whose circumference is 3 chi. If
any one can find the segment of the diameter of the plate not covered by a ball
he ought to be rewarded by 10000 taels of gold !,

25
Ans. § 69 cun.

Process. Let the element rian be the diameter of a ball. From the statement

we have 300 for the negative shi, 60 for the positive fang, and 1 for the
positive yu, a quadratic expression! 2 'whose root, 4 —Eg cun, is the diameter

of a ball. Subtract this value from 1 chi, the diameter of the plate. The

remainder, 5 Ecun, is the required segment.

69
[ Notes ]
[ 1] Let the diameter of the crystal ball be r. Zhu Shijie considered, (10 - r)? =
2+ (1) (6)

[ 2 ] The expression in modern form is the equation: x* + 60x — 300 = 0. (C)

12. The product of the gou and the gu minus the sum of the xian and one-half
of the gou is equal to the sum of 3 times the gou and 5 times the gu; the sum

of the xian minus the gou and the xian minus the gu is less than the gu by one-

ﬂ»noe.
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KA, (1) |
%H: ANE, B—tR¥E, BZ—1L¥,
ARE: SERIT—RE, Ho—H, AJT—H%. =AHERZ, &
ME N REE, AN HRINF, FERELT-—, 2 184, FFoc
it BIUEATHEE, =+ AW, B3, THERZ, B B8
JFATTH: BREE—TREE, =+, FEBFHIRZ,
8%, &R, |

WEHEIE R

Hef

[ %)
[l]%ﬂ:@—(c+%a)=h+5m(c-a)+(c—b)=b-%aa
(%)
(2] FHFRHIRELS: 60x - 480 = 0. (FR)
(3] FAHRBITER N 32y - 480 = 0, (BK)
[4] FHRHBRIER R 30z - 510 = 0. (BR)

[ 4% )
HAR: mRdiZs¥Y, 253058 %F. Hx, BEtiam, &4
BEVER, #EwFkEE, . B, ZREALZ?
5. H8%, BI15%, & 17,
K: BEA—HE, WA—HE, Ar—HHE. KT, wALEALER
S K2, 1325) —480 AEHA, 60 H—kAAM, FABEF, 15
5, FRAMK: 155 480 AFHOR, 2 A —RAAH, WHAMK
Ak s, —RAAMMARK, R, FHK., FALE: 73
—S10 A F KA, 30— KA A%, FAMFF, 722, F6FM,
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half of the gou.!
Ans. Gou, 8 bu; gu, 15 bu; xian, 17 bu.
Process. Let the element tian be the gou, the element di the gu, and the
element ren the xian. From the statement we have 480 for the negative shi,
and 60 for the positive fang, a linear expression ') whose root is the re-

quired gou. 480 for the negative shi and 32 for the positive fang, a linear

expression (3} whose root is the required gu. 510 for the negative shi and

€
| €2
30 for the positive fang, a linear expression!4! whose root is the required -
A
: 2
xidan. e

[ Notes ]

[ 1] That is, ab - (c+%a) =3a+5b, (c-a) + (c=-b) =b-%—a.

(G)
[ 2] The expression in modern form is the equation: 60x — 480 = 0. (C)

[ 3] The expression in modern form is the equation: 32y — 480 = 0. (C) 355

[ 4 ] The expression in modern form is the equation: 30z — 510 = 0. (C)
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[ Ex )
AHFENENFE, HAEFEZ. ) A RFILE?

EE: —HHK
ARE: IRT—IE KT, WERZ, BT A+HL, ZHM

J7, ZHMEE, —RIER, SHIFZ. 1 G,

[ERE]

(1 ]2 e U AR ) PR A — TR — D SR = Ak 4
st 5= 2Lt D0 D) () n R RMRBUAR R Fi =L (n +
Do HTERXFEH= MR n B HRORBARRS = 27 (i + 1) =
Ln(na 1) (n+2) SR, 370 (n+ 1) (n+2) =680, (¥6)

[2] FHRMRARIERHR: 2 + 3% + 2x - 4080 = 0, (BR)

[ &% ]
5K 680 R X¥E, sARE—HHh, B ARTFHZ IR
£ 15 %,
K. EEA—HBF-HEROET, ddoRlhxLKEK, T35 40804
RO, 2A—KFEK, 3HAKARK, | ARBHRARK, Fi
7, Bpff. HEFTFE



Jiao Cao Xing Duan ( Piles of Hay )
| 7 Problems

1. 680 bundles of hay are in the [uo yi form.'! Find the number of bundles in
a side of the base.
Ans. 15 bundles.
Process. Let the element tian be the number of bundles in a side of the
base. From the statement ﬁre have 4080 for the negative shi, 2 for the posi-
tive fang, 3 for the positive lian, and 1 for the positive yu, a cubic expres-

sion "2} whose root is the required number.

[ Notes ]
[ 1] Li Shanlan, in his Ze Gu Xi Zhai, calls the san jiao luo yi ( dropping one )

form a triangular pile of the third degree. The formula is as follows:

n{n+1)(n+2)
2+3

n layers is as fnllows:zﬂ"i :% m{ n+1). A pile in the luo yi form is also called a triangular

S =

.( C ) The formula of the volume of the pile of hay with

pile. The formula of the volume of the pile in the luo yi form with n layers is as follows:

S = Z-é—i(i + 1}=§1'~n (n+1)(n+2) Accurdingtoﬂicstalcment. we have

=1

%n(n+l)(n+2)=630- (G)

[ 2] The expression in modern form is the equation: x* + 3x* + 2x — 4080 = 0.

(C)

HW.
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2.
[ R3]
SHEEE-TNT AR, ROMEREZ, ) [ JKFIL6E?
EH: — =W,
ARE: SLRITT—AHMEBR T, MBRZ . BUF=F A NEA+REE,
ANHMT, —t+—HM FBE, SHNTEE, —NER, =RiITZ,

)&,

[ %]

[1 )28 24 Ol 5 A2 ) AR UR TSR — VUK B = f S, © 364k
B, TR P LA BT = R T RO et F 18 HES AR . ERBUA R,
s=nlnr Dins 20 (nv3) | (g MRS THD= MR, R
BRRARBEARE. YL+ D(i+2)=kn(ns 1)(n+2)(n+3) #

=1 3!

B %n(n+ 1)(n+2)(n+3)=1820. (3F)

[2] FHFRBBRTERL: ¥ + 63 + 1122 + 6x — 43680 = 0, (&)

[ 4% )
SR I1820 R ¥R, B RMEHLLE, F. LERFAHZ V2
Z: 13 %,
K. REA—AMEHRGRT, Adofs ik KILM, 15 —43680
AFHR, 6A—KRAEK, NAZKRREH, 6 HAZKAEHK, 1 H
RBHAREEK, FwWkF, BPiF, HEF9E,



2. Find a side of the base of a pile cnﬁsisting of 1820 bundles in the sa xing
form-'J .
Ans. 13 bundles.
Process. Let the element tian be a side of the base. From the sﬁ:tement we
have 43680 for the negative shi, 6 for the positive fang, 11 for the positive
upper lian, 6 for the positive lower lian, and 1 for the positive yu, an ex-

pression [2) of the fourth degree whose root is the required side.

[ Notes ]

[ 1] LiShanlan, in his Ze Gu iXi Zhai, calls the sa xing( sa, loose; xing, star )form
“triangular piles of the fourth degree.” It is not a single pile but several piles with triangu-
lar bases ranging from one upward. The formula is as follows:

s=nin+l J(n+2)(n+3 ).(C.)Thepilenfhayinﬂlesaxingfunnisa]sn

1-2:3+4
called the triangular pile of hay in the luo yi form. The formula of the volume of the pile in

thesaxingfonnwithnlayarsisZ%i(:' +1)Ci +2}=%n(n +1)(n+2)(n+
=1 J. .

3).Accordingtcmestatement,wehave%n(n +1)(n+2)(n+3)=1820. (G)

[ 2 ] The expression in modern form is the equation: x* + 6x’ + 11x* + 6x - 43680

=0. (C)

I 3009.
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3.
[ R3]
SEFE=T=ZAA+ER, SORBEEES, ) F: K77
BE: —+ 3K,
RE: IRT—NHBERT, WFRZ, BATATANREE, =N
M7, UMM ERE, +ON TR, SHMME, SREFZ, (2 406,

[ %)

[1] #8222 ROF— 5. HRBFARN.

serine a2t D WA (n 4 1) (n+2) R, A4
FERF (3n+1) (mugmmﬂmxﬁﬂﬁs:g%sm Di=tnin+
1) (n+2)(3n+ 1), R, Jrn (n+ 1) (n+2)(3n+ 1) = 3367, (%)

[2] FARMBAIER N 38 + 10x° + 922 + 2x — 80808 = 0, (Bk)

[ &% ]
SH 3367 REE, RRARRELR, Fl: ARFAHS I R?
g‘: 12 *o

K BRA—HRFEHBRGET, Aol FELLM, 535 80808
AEBR, 2HA—KAEB, OAKAAZE, 0= KAEHK, 34
oK R, ks, BPE, HEFTE,

4.

[ ")
SEFEENTREANT/AR, KSMEEE—ICEZ W JIKFILAT?

%Eﬂ: _""—I_mﬂic



3. Find a side of the base of a pile of hay of 3367 bundles in the lan feng form' ' .
Ans. 12 bundles. |
Process. Let the element tian be a side of the base. From the statement we
have 80808 for the negative shi, 2 for the positive fang, 9 for the positive
upper lian, 10 for the positive lower lian, and 3 for the positive yu, a bi-

quadratic expression 2] whose root is the required side.

[ Notes ]

[ 1] Li Shanlan calls the lan feng ( lan, mountain-mist; feng, summit ) form the

first pile of the er cheng zhi duo ( variation of the third degree of a triangular base pile ).

The formula is § = n(n+ l)(n+2)(3n+1).Thedcgreeisacmrdingmthefactors

1-2+3-4
n{n+1)(n+2), the factor (3n + 1) being not included. (C) The formula of the

volume of the pile in the lan feng form is as follows: § =f_}'%i (i+1) i:ﬁ n(n+
1)(n+2)(3n+ l}.Accnrdingtnthestaxemcnt,wehave%n(n+1)(n-l_-2)(3n+
1) =3367. (G)

[ 2 ]The expression in modern form is the equation: 3x* + 10x* + 9x° + 2x — 80808

=0. (C)

4. Find a side of the base of a pile of hay of 8568 bundles in the sa xing geng

luo yi form (1),
Ans. 14 bundles.

Process. Let the element tian be a side of the base. From the statement we

-H-\'OOE.
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HHAIEN

Bk

ARH: A XT—AMEER KT, WRKZ, #—a_AN\T—A
ANTREE, ZHNATT, A AMNER, =T NNTRE, —F
AR, —AHIERE, WRTHZ. 1 gl

[ "]

(1] MBEEE R IFRI B ETESR., n EEE—TERAREASXLR
S:ézl,—i(i+ 1)(i+2)(i+3) =-5-17n(n+ N(n+2)(n+3)(n+
4), TBHE, -Sl—!'n(n+ 1)(n+2)(n+3)(n+4) =8568, (55)

(21 FHRMBARTER A, x5+ 100 + 355 + 50x% + 24x — 1028160 = 0, ( Bk )

[ 4% ]
A 8568 RFEF, MARMEEF —HHK, Fl: XARTFAHSZ I k7

£ 14 %,

K: BRRA—AMEEZZ —HEART, ARG ELEH, 73
~1028160 A FHA, 24 A—KARK, SOAKRAZHK, 35H =K
REE, I0AWRAZEK, | ARBAARK, FLKRF, BiF. &

& FriEl

5.

[z )
AEFEERF =A/N\T/NAR, 54 KEEXTLEZ L ak: KT ILT7

%El: _'_Iuﬁﬁﬂ
ARE: MRITT—HRIGEER KT, MBRZ, BABEANTHE

ANtREE, ANANF, ETRINER, AN, — R



have 1028160 for the negative shi, 24 for the positive fang, 50 for the posi-
tive upper lian, 35 for the positive second lian, 10 for the positive third
lian, and 1 for the positive yu, an expression (2! of the fifth degree whose

root is the required side.

[ Notes ]

[ 1] The pile of hay in the sa xing geng luo yi form is also called triangular pile of
hay in the sa xing form. The formula of the volume of the pile with n layers is as follows:
S=YLi(i+1D)(i+2)(i+3) =mn(n+1)(n+2)(n+3)(n+

&4 51

41Accnrdingmthestalement,%n (n+1)(n+2)(n+3)(n+4) =8568. (G)
[ 2 ] The expression in modern form is the equation: x> + 10x* + 35x° + 50x% +

24x — 1028160 = 0. (C)

5. Find a side of the base of a pile of hay of 50388 bundles in the lan feng geng
luo yi form [/,
Ans. 16 bundles.
Process. Let the element tian be a side of the base. From the statement we
have 6046560 for the negative shi, 6 for the positive fang, 35 for the posi-
tive upper lian, 50 for the positive second lian, 25 for the positive third
lian, and 4 for the positive yu, an expression 2} of the fifth degree whose

root is the required side.
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(%]
[ 1 VAR 2 2e 3 (U A ) T, B % — R B 0 = AT
YR 2 . HRBARK N

S = H(H+I)(ﬂ+2)(ﬂ+3}(4ﬂ+l) o&ﬁﬁﬁﬁ¥n(n+l)(n+
1-2-3-4-5

) (n 4 3) TR, HARAEET (dn + 1), (BF) MEEE %IR8 LD = f s

Bk nEHBES—BROREARE: $LiGi+ DG+2)i=dn(ne)
(n+2)(n+3)(4n+ 1) EHEHE, %n(n+l}(u+2i(n+3}'(4n+ 1) =

50388, (%)
[ 2 JFF T REIMTER H: 405 + 25 + 5003 & 35x% + 6x _ 6046560 = 0. ( Bk )

[ 4% ) |
AF 50388 R X HE, SRR MELE K, B XRTFH SIS R?
& 16 X
K: ERA—ARFERZZE-HAOKT, AoRFTERLER, 73
—6046560 4 FH R, 6 h—RAEH, 35 HKAAH, S50 A=K
RAH, 25AWARAK, dARBHRARYE, FERF, PiF. &
BT EL,

6.
[ R3]
AFE B, HE-THRREETFAX. REfE—FEEAX,
KFREEERBER=X, " [, JKFILM? 2
%HE. —+/NK,
RE, SRIT—HEERT, Rz, B—+RAA=FEEANT/NR
H, ——HMT, L ANEE, AN, LAFZ, B AL



[ Notes ]
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[ 1 ] The lan feng geng Iuo yi ( dropping one of the summit ) form, according to Li

Shanlan in his Ze Gu Xi Zhai, is called the first pile of the variation of the fourth degree of

n(n+1)(n+2)(n+3)(4n+1)
1:2-3-4-5 '

degree is according to the factorsn(n + 1)(n + 2)(n + 3 ), the factor ( 4n + 1 ) being

a triangular base pile. The formula is § = The

not included. (C ) The pile of hay in the lan feng geng luo yi form is also called the

triangular pile of hay in the lan feng form. The formula of the volume of the pile with n

- ]
T

layersisi-l—:'(i+l)(i+2)i=-l-n[n+1)(n+2)(n+3}(4n+ 1) Ac-

.

=1 3! 5! ;;

2

cording to the statement, '517" (n+1)(n+2)(n+3)(4n+1) =50388. (G) &

[ 2 ] The expression in modern form is the equation: 4x° + 25x* + 50x* + 35x% +

6x - 6046560=0. (C)

o]
pore o
=
s
™
A —
1 ".. Y
=
=
T
L

....
¥ |

6. The whole cost of a pile of hay is 25578 cash. The top bundle costs 9 cash,
but each bundle in the layer next below costs 3 additional cash, and so on with
each layer. (') Find the base of the pile. (2’

Ans. 28 bundles.
Process. Let the element rian be the number of bundles in the base. From

the statement we have 153468 for the negative shi, 21 for the positive fang,
27 for the positive lian, and 6 for the positive yu, a cubic expression [/

whose root is the required number.
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[ %)
[ 1 IR EEBE A R IR 3 L 55 25 40 3045 3 4 SR ) 1, 1 S5 = U B T
a., ’E:EE, HRFAKX A S = %n (n+1)[2dn + (3a-24)), Kl a =9,

d =73, WnEFEEEHEMNETE. 2i3n(n+l}(2x3n+3x9—2x3) =
25578, (¥8)
[2) sh=fsk, AR 5= 2L ()

[3] FAHXHBAIER R, 6x° + 274 + 21x — 153468 = 0, (R )

[&iF )
AF—REF (FFSI8L, AERE—RIEILK, ATEEHER
K3IXL, Fl: XARTFAHSIR?
. 28 %,
K. BEA—HZEERGRET, AdofnF kL LM, 53] -153468 A
FHR, 20— KRAEK, 2THA_KAEK, 6 ARBAARH,
L7, BpfF. HEFTE,

7.
[ E3x ]
AHE G, HERNT - RATNHAX, RERTFEREEX,
K EERERBERE, [ KTFIUT? (2
ME =R |
RE: STRTE—WFERT, MBRZ. B+ HF LT K%
£, —FSHMTT, — AR, TN, SIHHFZ. ) &,



[ Notes ]
[ 1 ]It is a sum problem to multiply every term of a pile of hay by every term of an

arithmetic series in order. Let the first term of the arithmetic series be a, and the difference

d. The formula of the sum of the arithmetic series is S = % n(n+1)[2dn + (3a -

2d ) ). In this problem, a = 9, d = 3. The cost of the pile of hay with n layers is

(n+1)(2x3n+3x9-2x3) =25578. (G)

[ 2 1The pile is in the form of a triangle, the formula being S = — ( LR D (o)

(3] The expression in modern form is the equation: 6x* + 27x* + 21x - 153468

=0. (C)

7. The whole cost of a pile of hay is 42846 cash. Each bundle of the bottom

layer is 6 cash, but each bundle of each succeeding layer costs 5 cash more
than those in the layer below. '] Find the base. 2’

Ans. 36 bundles.
Process. Let the element rian be the number of bundles in the base. From
the statement we have 257076 for the negative shi, 13 for the positive fang,

18 for the positive lian, and 5 for the positive yu, a cubic expression [3]

whose root is the required base.
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[ )
(1] WASRSEERERATIFEGIHAE TR AR, RS ER

ﬁﬁﬁﬁ6+(n~nx5,&%ﬁdﬁﬂn%ﬁﬁ%ﬁ%ﬁﬁ%:?Lf{n+

1)(5n +3x6~5) =42846, (¥8)

(2] Ben=pask, Hasth: s = 22l ()

[3] }Fﬁitﬁﬁﬂ{t%itﬁ: 50 + 18 + 13x - 257076 = 0, (FkK)

[ 4% )
AK—%EE MR, RERTEHSRMBOLHR, R LEES
R2FSL, Bl HERFHSE IR
2. 36 %,
K: REA—AEERGRT, il F kKL M, 15 -257076 4
FHR, 13A—KRAK, ISHA_KAEZE, SARHARAEHK, 7
25, PpiF, HARTE,



[ Notes ]

[ 1] Itis also a sum problem to multiply every term of a pile of hay by every term of
an arithmetic series in order. In this problem, the first term of the arithmetic series is 6 +
(n = 1) x 5, and the difference is —5. Therefore the cost of the pile of hay with n layers

ﬁ(n+1)(5n+3x6—5)=42846.({3)

o
® %3

[ 2 ] This pile is in the form of a triangle, the formula being $ = n{n+1)

12
[ 3 ] The expression in modern form is the equation: 5x° + 18x2 + 13x — 257076

(C)

=0. (C)
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RIS Ln

1.
[ B3z )
SHF . AFE—K, FEAHLR. O A%, FEHNEFRBETSNE
R, 2. ., BIELILE?
%E: FEA-+FmA, yE-+H,
RE: IRT—RHREFINE, WERZ, BUTAEANREZ, =
AT, LRMRE, EHFFFZ, B BRE, 4.

[ 5]
(1] iCEEFE . FHBasHRs,, s, Wh: S + S, =97, (¥)
L2 ] iCE&SE . TrEesb A A, 1, W 1 -1 = 4, ()
[3] FHRBBRIER R 767 + 24x - 4608 = 0. (PR) -

[ 5% ]
SARFH.BFE—K, RAITR, R&E: ZH&/IALAFGIA Y
42, F: Far. BATeIsrAEA 5 7
. EFFsA 24 R, FHA20 R,
K. ZRA—ABAIE, AdoBRF ik RKEB, 153 4608 4 % H R,
28— RBAER, THARSRAZE, FF5, FEIBHHRE. &6
Frisy

2.

[ B3z )

SFF . BAF&E—R, XS+ ZH UV Rz, ZAEAE =R R
M. 7. BJEE L7
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Jian Ji Jiao Can ( Bundles of Arrows )
| 7 Problems

1. The number of arrows in two bundles, one square and the other round, is
97.11 The perimeter of the square bundle contains 4 less than the circumfer-

ence of the round bundle.'2! Find the number of arrows in the perimeter and

in the circumference.
Ans. Circumference, 24; perimeter, 20.

Process. Let the element tian be the arrows in the circumference of the
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round bundle. From the statement we have 4608 for the negative shi, 24 for
the positive fang, and 7 for the positive yu, a quadratic expression'> whose

root is the required number.

[ Notes ]

[ 1 ] Let the number of arrows in the round bundle be S, and the number of arrows 371
in the square bundle S,. Thatis, S, + S, = 97. (G)

[ 2 ] Let the circumference of arrows in the round bundle be / , and the perimeter of
arrows in the square bundle /,. Thatis, !, - I, = 4. (G)

[ 3 ] The expression in modern form is the equation: 7x* + 24x - 4608 = 0. (C)

2. The number of arrows in two bundles, one square and the other round, is
62.. 11 The sum of the arrows in the circumferences ( the circumference of

the round and the perimeter of the square ) is 34 2., Find the number of

arrows in the circumferences.
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ZH. FA—+AR, BA—+/N\R,
ARE: SIRT—HFFSNE, WBRZ ., B-FHREATWIEEL, =
Bt t=REl, EHER, FHFZ, B ByE. 46,

[ %)
(1] iICEIfME. FEsaHAS, S, HE: S + 5, =62, (%)
(2] iCE#INE . FEIMRASNL, 1, WED: 1 + 1, = 34, ()
(3] FARMBAFERN: 702 - 272x + 256Q.= 0, (BF)

[ &%)
ARFH, BHE&—k, £H62R, R&: ##6stAS5 B AZ
Fak 34 R, F): AT, BT EEA S V7
. FAMA 16 A, BFFSA 18 A,
R: BERA—HFHIEA, AT kLKA B, 5 2560 A FHA,
DN AHA—KAERK, TARBRKALRYK, T+, F2AFHLE &
AR,

3.
[FExX ]
AfH . BE&—R, BfEZmyrsi—+ =R, Ra: ISR
fE%, (2 Al . BRI
EH: A& -1+HMA,
AE: SLXT—H ., BFINVE, PRz, BEE L HANEE,
—RIER, FHRZ. P Bl



Ans. Perimetc_r, 16; circumference,18.
Process. Let the element fian be the arrows in the perimeter of the square
bundle. From the statement we have 2560 for the positive shi, 272 for the
negative fang, and 7 for the positive yu, a quadratic expression 3! whose

root is the required number.

[ Notes ]

[ 1 ] Let the number of arrows in the round bundle be S » and the number of arrows
in the square bundle S,. Thatis, S, + §, = 62. (G)

[ 2 ]Let the circumference of arrows in the round bundle be [, and the perimeter of
arrows in the square bundle /,. Thatis, [, + [, = 34. (G)

[ 3 ] The expression in modern form is the equation: 7x% - 272x + 2560 = 0. (C)

3. The number of arrows in a round bundle exceeds the number in a square
bundle by 12! The number of arrows in the circumference of the round
bundle equals the number in the perimeter of the square. '2! Find the arrows
in the circumference and in the perimeter.
Ans. Circumference ( equal to the perimeter ), 24.
Process. Let the element tian be the number of arrows in the circumference

or the perimeter. From the statement we have 576 for the negative shi, and

H’F-?OE.
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§:3:3
(1] tBp: s -8, =12, (%)
(2] BEBp: 1, =1, (3B)
[3] FAHARWARERN: 2 - 576 = 0. (BR)

[ $i% )
SAFH . B E—R, AWILFH 2 122, R&E: Hiedsh A5 B4
®shAARF, Bl FAr. BAre9sr AR A %
. F. BESHASLE24 A,
R: BRA—H7% . BHMA, AR FERKLB, 535 -5T6 A%
BA, | ARBHRAZEK, F+F, R, HEE,

4.
[ R3]
SHN ., BgFSE—FK, EEBEALTLRD) BRa: FaisrEmBEESsHE S
Sz H 2 . AL L |
Z8. FR_TRH, RHA-+MR,
RE: STRITC—HHFINE, Rz, B—F—FHFREE, —
F=BA_tH MK, —B—TILANE, EFAHZ, BB A, &,

[ %]
(1] BLBp. S + S, =97, ()
[2] suBp: ¢ 3%1,5 (%)
[3] AR N, 21922 + 1320x ~ 114000 = 0, ()

[ 4% )
HAHFH, AFE—%, £HIT R, R&E: FHsFARAHIAH
2, @ A BRSNS
2. FASHA20 A, BEATSAA 24 R,
K: BEA—AFHINA, Aotk K EM, /2] 114000 # & #
A, 13205 —RAEK, 219 AKSGARAEZEK, FF+F5, #3545
B, HEHE,



1 for the positive yu, a quadratic expression |>! whose root is the required

number.

[ Notes ]
[1] Thatis, S, - S, = 12. (G)
[2] Thatis, I, = 1. (G)

[ 3 ] The expression in modern form is the equation: x> - 576 = 0. (C)

4. The number of arrows in two bundles, one round and the other square, 1s
97.1:The perimeter contains five-sixths as many arrows as the circumference.
123 Find the number of arrows in the perimeter and in the circumferences.
Ans. Perimeter, 20; circumference, 24.
Process. Let the element rian be the number of arrows in the perimeter of
the square bundle. From the statement we have 114000 for the negative
shi, 1320 for the positive fang, and 219 for the positive yu, a quadratic

expression 3! whose root is the required number.

[ Notes )
(1] Thatis, S, + §, = 97. (G)
[2] Thatis, I, =ESII. (G)

[ 3] The expression in modern form is the equation: 219x* + 1320x - 114000 =

0. (C)

HWE.
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S.
[ ")
AEFK . BAfig—#, B+ R U Bx: BFMNARESHEIL
R4, (2 6. . BFAEIUT?
e, BEA—FAR, FA—tXKH,
ARE: S RITT—RFBEGINE, ERZ  B—A AL THAE N+ haE%,
ZEAINS, U+=RNE, EHAZ, B BRA. GF.

[ ]

[1] HBA: S + 8, =62, ($B)
(2] gt Bp: 24, =21, (36)
[3] FHRWBRTERF: 4322 + 306x - 19440 = 0, (BK)

[ 4]
SEFH. Sk, RA62R, R&E: BHAAE S 5550
CERE NN N DR D
% BAFSHA 18R, FHAMA 16 R
R REA—ABIE, Aok RIM. 5] 19440 4 F &
%, 306 8 — KA MK, 3HRHARLEK, FF5, FABAIHE.

AP E .

6.
[ RX]
AHF . BgE—E, #R-_AEA+—HR. U Ax: BAGZ AR
HREESZHNR, 2 E: . BFE&ILA?
e, FR-+HAR, BRAM+HAR.
RE: SRT—HFFE, MBRZ, BT AA=F—H=TA
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5. The number of arrows in two bundles, one round and the other square, is
62.!) The arrows in the great half of the circumference equal those in the
strong half of the perimeter. (2] Find the arrows in the circumference and in
the perimeter.

Ans. Circumference, 18; perimeter, 16.

Process. Let the element tian be the arrows in the circumference of the

round bundle. From the statement we have 19440 for the negative shi, 306

for the positive fang, and 43 for the positive yu, a quadratic expression [}

SaISSH1Y
10 AdYHaI

4
i

whose root is the required number.

1t
i

]
=
]
Fo

[ Notes ]

[1] Thatis, S, + S, = 62. (G)

[2]1hans,%1,=%12. (G)

[ 3] The expression in modern form is the equation: 43x> + 306x — 19440 = 0. 377

(C)

6. The number of arrows in two bundles, one round and the other square, is
281! The arrows in one-fourth of the circumference are less than those in
five-sevenths of the perimeter by 8. '’ Find the arrows in the circumference

and in the perimeter.

Ans. Perimeter, 28; circumference, 48.
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AL, ZA—T=8WHhx}, —FLtEE+LNHER, EHFHF
Z, /I &,

§:2:3
(1] BkBP: S, + S, = 281, (¥B)
5 1, _
(2] BB =1, - 21, = 8. ()
[3] AHFRXMBRIER N 174722 - 31304x - 493136 = 0, (B&)

[ 5% ]
SAFH. BAFE—%, KA281 R, RE: BASMAG + ki sh
RS Y8R, M. . BIFGIASE S I
% FATSLA 28 A, EATSHA 48 A
K: BRERA—AF I, ATk KL, 135 -493136 A F &
M, -31304 A—KRALZHK, 1747 A&\ ARG, FFF5, F8F
WM, FE Pl |

7.
[ R ]
SHF . BFiE—R, EF_EAR D A%, FEfsaE RS
— RS R AR 2 . . BRI
E. BEAZ AR, FEA=HR,
RE: LRI - RWEGSE, WERZ. BT RE=ANREE,
—HIRMT, EANE, ERTFZ, ¢ BEE. A,

[ E%F ]
(1] BLBI: S + 8, = 208, (2§)



Process. Let the element tian be the arrows in the perimeter of the square

bundle. From the statement we have 493136 for the negative shi, 31304 for
the negative fang, and 1747 for the positive yu, a quadratic expression (3’

whose root is the required number.

[ Notes ]
[1] Thatis, S, + S, = 281. (G)

[z]matis,%z— %Il =8. (G)

[ 3 ] The expression in modern form is the equation: 1747x* — 31304x — 493136

=0. (C)

7. The number of arrows in two bundles, one round and the other square,

is 208.1'! The arrows in the circumference of the layer next to the outer
layer of the round bundle increased by 2 are equal to those in the perim-
eter of the square bundle. {2!Find the arrows in the circumference and in
the perimeter.
Ans. Circumference, 36; perimeter, 32.
Process. Let the element tian be the arrows in the circumference of the
round bundle. From the statement we have 9936 for the negative shi, 24 for

the positive fang, and 7 for the positive yu, a quadratic expression' 3 whose

I %008 pu
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[2) BP: L, +2 =1, (%)
(3] AR R, 70 + 24x - 9936 = 0, (B&K)

[ $i¥ ]
ARFH. BFFE—%, XFH208 R, R&: MIiFsrad A6 R Hm
2 55 ARG AEARE, Fl: F AT, HAeINAEA S D7
%, mMA36R, FHE 2R,
R EEL—HBAE, iR KM, A5 0936 4 F A,
U A —RAZE, THRBRAZEK, F¥5, FBANIAH, FE
- PRl



root is the required number.
[ Notes ]
[1] Thatis, $, + S, = 208. (G)

(2] Thatis, I, + 2=1. (G)

[ 3 ] The expression in modern form is the equation: 7x* + 24x - 9936 = 0. (C)

HJI'UOE.
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1.
[Ex)
SEAFEM—B, KEHE, S50 54x%EA—B, 7
z: HEHK. M. 8, WESE, —FRIEN, —NEB, THFZ,
AP, (2] ) EEK . R LA
EH: KZ+n0nE, @—t+7%,
ARE: dERITT—H¥EMEHZ TR, WAKZ. B FMHENIES,
—EIATT, TSR, FHFZ, CERRAE, X IRIT
— R, SR, BT —E-EHARES, S TFENHAS
¥, NEZHENALEE, Wk T, —NER, SR
., 4 88, A,

=33
[1] B-EWAemE “fUmst, K28, #fErHE” “SARX". (%)
[2]icEHBIME. K25 HMa, b, wAFEFRAW - 15w+ [b+a+ (b-a)]
= OfIIR, IBP: (b -a) - w=4, ()
[3] FHRBBURIER N : -50x° + 100x + 2400 = 0. (BR)
[4] FHRWIRTERN: ¢ - 440 + 6352 - 3344x + 4176 = 0, (F&K)



Bo Huan Jie Tian ( Land
Measurements )
19 Problems

1. The length of half of a zhong jin tian is 50 bu, and the oblique width 10 bu. "’
The owner wishes to trade with his neighbor whose land is in the form of an
isosceles triangle. It is said that putting the sum and the difference of the
length and the width for the positive shi, 15 for the negative lian, and 1 for the
positive yu of a quadratic expression. The root is less than the difference by 4
bu!?) What is the length and the width of the isosceles triangle?
Ans. Length, 25 bu; width, 16 bu.

Process. Let the element tfian be the middle leg of half of the zhong jin tian.

From the statement we have 2400 for the positive shi, 100 for the positive

fang, and 50 for the negative yu, a quadratic expression [*) whose root, 8

bu, is the middle leg.  Again let the element tian be the difference. From

the statement we have 4176 for the positive shi, 3344 for the negative fang,

635 for the positive upper lian, 44 for the negative lower lian, and 1 for the

positive yu, an expression (4] of the fourth degree whose root is the re-

quired difference.

H’fﬂoﬂ.
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[ &%)
SE—¥Fewm, ¥S50¥, 4@ 10¥, 5ARENSBR—Em, RE,
AEEGK, BMERKBEEZEAFTER, - 15HEA—KRAZEK, 1%
ARBRAERY, FFFRIGRLEKBE Y 4T, ¢, £aehKk, 4
&Hh% 07
£, @5k 25%, M16¥,
K. ZRXA—HFEF2EA PR, AR kKA %, 5352400 4
FTHA, 10045 —KRAK, -SOARGAALZK, FF5, FHF
B8F, X HEAL—AEEGKME, UoRFEELM, F3
4176 A FHMA, 3344 A—RAFZE, 35 HA=KRAZHEK, 44 A8
Th, | ARFHAALZK, FukF, FHKEK, FEFE,

2.

[ Rz )

SHENAZEH—EB, AK =12, BKRZ+H%, E—T0HE, db

m—t+t&. ) 58 ERH B, Rz: HFEHK, 8, AE%E, &

AT, —HNEE, SEHFFZ, PSR REE, [l &, SF& L2

ZH. K=1+—%, ¥F—1+"%#.

ARE: SERTG—HNUARFHZITHE, WFARZ . HME/ATHIESE,
—+NAARNF, ZhER, FHFZ, B/ lEE, X IKIT
—HRF, R Z B-EEEFMAEE, — AT, AR,
—RIERE, M AFZ, ) BF. gl

TR

dt i




[ Notes ]

[ 1] Luo Shilin concluded that it was difficult to solve the problem when one only
knew the oblique and the length. Therefore, he said that some words must be lost in the
original text( G )

[ 2] Let the width and the length of the isosceles triangle be a and b, and w one of
the roots of the equationw? — 15w + [b+a (b -a)] = 0.Thatis, (b-a) - w
=4. (G)

[ 3] The expression in modern form is the equation: - 50x% + 100x + 2400 =
0. (C)

[ 4 ] The expression in modern form is the equation: x* — 44x> + 635x* - 3344x

+4176 = 0. (C)

2. A trapezoid has no two sides equal. The east length is 26 bu, the west 25 bu,
the south width 14 bu, and the north 17 bu.' The owner wishes to trade with
his neighbor whose land is in the form of a rectangle. If we take the sum of the
length and the difference of the length and the width of the rectangular farm
for the negative shi, 5 for the positive fang, and 1 for the positive yu, the root
of this quadratic expression is less than the width of the rectangle by 7 bu.'?’
Find the length and the width of the rectangle.
Ans. Length, 31 bu; width, 12 bu.

Process. Let the element tian be a side of the original square of the trapezoid.

From the statement we have 480 for the positive shi, 28 for the positive

fang, and 2 for the negative yu, a quadratic expression ‘> whose root, 24

bu, is a side of the original square. Again let the element tian be the

width of the rectangle. From the statement we have 744 for the negative

shi, 14 for the positive fang, 8 for the negative lian, and 1 for the positive

yu, a cubic expression (4} whose root is the required width.
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[ 1] tlRlsEhr EBURAEFEHEN—EFE#EIHRE ., Bk, Heg. JLREFE
17, A—XANTLSEZ2IESTTERAX AT, (%6)

[2]icEHME. K29 HNa, b, whIFFEAw + 5w - [b+ (b-a)] =
ORI, BD: a - w =7, (5B)

[ 3] AAXRBCER N 20 + 28x + 480 = 0, (BR)

[4] FHRBTRIERN: © - 822 + 14x - 744 = 0, (BK)

EHAE R

Bk

[ 4% ]
AR —wAEw, 2K26F, ®K25Y, dE14F, L@17F. 5
AREsH—A®, R&z, dAmehk s KkELamtEd RFHA, 5
VA —kREE, | EARSRAZK, FFr R GRLEBG R Y
T¥H, B Awehk, MEA % V7
. faesk31 ¥, M12,
K: EXA—AQRFRHAGEFHABK, A FERL#,
2480 AF A, 28— KA AH, 2ARBRAZHK, FF+F,
FE24F, X BRA—HALAEHE, AdeRFELLEW, 73
~TA4 A FHR, 14 A—KRARAK, SHKRAAZK, 1 ARHAA
¥, oz, F3HE., FE6FF,

3.
[ R3]
SEER—B, A=ER, RaKit¥, BERATHEMN. 5AREINE
—+=%, BEEAW Y [ BEKRERSILT?
EEH: BR—TAPRFEL, B=17¥.
ARE: SERT—HEEK, MBKRZ. B THENIESE, Lk,
Fhrz, 2 Bk, AR, #HZAARKRZ. G



[ Notes ]

[ 1] As a matter of fact, the si bu deng tian was formed by cutting from a square
land. Therefore, its south width is parallel to the north, and one vertex of a pair of angles on
the cross is exactly the vertex of a pair of angles of the square land. (G)

[ 2 ]Let the width and the length of the land in the form of a rectangle be a and b, and
w one of the roots of the equation w? + 5w = [b + (b - a)] = 0. Thatis,a - w = 7.
(G)

[ 3] The expression in modern form is the equation: -2x* + 28x + 480 = 0. (C)

[ 4] The expréssion in modern form is the equation: x* - 8x* + 14x - 744 = 0.

(C)

3. A farm is in the form of an isosceles triangle with the length equal to 50 bu.
The price of the farm is 54 taels. A portion whose width is 12 bu is-cut from
the top and sold for 6 taels. !'! What is the length of the portion and what is
the width of the given triangle?
Ans. Length of the portion sold, 16 % bu;
width of the isosceles triangle, 36 bu.

Process. Let the element tian be the length of the portion sold. From the

I %008
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¥X
[ %]
(1] EHEFE=MAK. icEHNE. BK25Ha, b, HED:
54 6 b 12
= , - - ($R)
—:,Zl-x 50a %x 12b S0 “

[2] FHFRABLIERR: -92 + 2500 = 0, (Bk)

[ 5% ]
LB —hEW, Rl CHE, REKSOH, 1654 B4R, MK kiH
12F4MTF, 674k, Fl: BRTHRITUKAEINEEH S V7
5 RFHKI6SF, £a6M 365,
K. BRRA—ABTHK, AoRFELLM, F3]2500 4 F XA,
-9 A FZBMAAAY, FFF, BABK, FHFRR, BBZ ;XK
Z, #HEHE,

4.

[ Rz )

SEBE—B, ME—TZ#H, KB_1+#, E&=1_"FH3. §MK
kBENE, HEARAAEX ') [6): 8 2) RookE L7



statement we have 2500 for the positive shi and 9 for the negative yu, a
quadratic expression!?)whose root is the required length. Since the root is

not integral we shall apply the zhi fen method.

width

[ Notes ]
[ 1 ] Let the width of the isosceles triangle and the length of the portion sold be a
and b. From the statement we have I >4 =7 6 , b = IHZ . (G)
5 xS0a 5 x 12b 50

[ 2] The expression in modern form is the equation: —-9x* + 2500 = 0. (C)

4. A farm in the form of an isosceles trapezoid has its xiao kuo equal to 12 bu
and its da kuo equal to 20 bu. The price of the farm is 32000 cash. A section
cut from the lower base with its length equal to 4 bu is worth 9500 cash. [!)

What is the jie kuo'?! and what is the yuan chang?
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WEHIIE B

Baf

EH: BE—+ A%, mk—tx8,
ARHE: SLRIT—ABNE, WRKZ, B=" -+ PRIEE, —HiEHE,
FHHZ, P BB, &l

[ %)

[1]iCEREImEENE ., Tk M a, b, HED:
32000 _ 9500 b -4 =“1*’12 (38)
l::n¢:(12+2[)).!‘.' —1*:::(2{]+al)>c4

b 20 - 12
2 2

[2 ] B8 LE, TN EEBEOE. ()
(3] AR N, -2 + 324 = 0. (BR)

[ &%)
SH—%tpdE, JEARY, KE20F, HEERT. SRR KK4FL
AT, EERITS00L, Fl: BTHRSGHAHBARRGKEHA E I
Z: RTHRI8Y, HARANHKI6OT,
R: BRA—ARTHE, AeBRFERAM, 72324 AFHA,
1 ARBZKAARE, F+F5, FRARTHHE, F4MFE,
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Ans. Jie kuo, 18 bu;
yuan chang, 16 bu.
Process. Let the element tian be the jie kuo. From the statement we have 324
for the positive shi, and 1 for the negative yu, a quadratic expression {*

whose root is the required jie kuo.

=5

yuan chang % Eﬂ
' T

' o g

[ Al
o0 e
jie  kuo .
A

£4%

f

--""""'—-'

[ Notes ]
[ 1] Let the jie kuo and the yuan chang be a, and b. From the statement we have
32000 _ 9500 b-4_%4-12 (4 391
2x (12+20) b 2x (20+4,) x4 b 20-12

[ 2 ] The jie kuo ( section width ) is the upper base of the section. The yuan chang
is the altitude of the given figure. (C)

[ 3 ] The expression in modern form is the equation: —x* + 324 = 0. (C)
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[ R3]
SHBH—E, PEZHRIE, KAANTEE, EK—EATE. 5N

MRBEEH—EF—T 28U E: B, &2
FH: BRETAYE, B=1T¥.
ARH: LRI~ AEEK, MARZ, B8—ANT=ZE=1R8%E,
“HHINTT, — AN, FHFHZ, 2 BEK. 8.

*
f-r:.\
LR

[ 8]
(1] iCHmEEE. K258 a, b, HED. %(zs +a)b=1792, %=

a— 25
65_25¢(¥)

[2] FHRATATERH . 2 + 200x - 14336 = 0, (Bh)

[ &% ]
AH—tE®, JE25T, KBA65Y, BH160F ., NI HEMET 7w

112%, Fl: RTFHRHSK., AEHZ V7

2. BTk S6e¥, M39¥,
R: BEA—ARTHK, AeBRFERAMR, F2] 14336 HFHK
R, 2009 —KFEK, | ARZAFAAK, F+F5, FRAKXTHEK,

ﬁ%ﬁﬁ'lﬁn
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5. A farm in the form of an isosceles trapezoid has its xiao kuo equal to 25 bu,
its da kuo 65 bu, and its zheng chang 160 bu. If a section of 7 mu 112 bu is cut
from the upper part what will be the width and the length of the section!(!!?
Ans. Length of the section, 56 bu;
width of the section, 39 bu.

Process. Let the element tian be the length of the section. From the state-

ment we have 14336 for the negative shi, 200 for the positive fang, and 1

2 B
for the positive yu, a quadratic expression [2! whose root is the required > &=
22
length. — e
& e
e
&
4
P
£
Ay
length
width

[ Notes ]

[ 1] Let the width and the length of the section cutting from the trapezoid be a and

b a- 25
= . (G
160 65 - 25 (G)

[ 2 ] The expression in modemn form is the equation: x* + 200x — 14336 = 0. (C )

b. From the statcment we have % (25 +a) b = 1792,
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[Ex ]
SHEBH—E, KM+ 4, M—+A¥, ER—BZ1+#H, SN
K@+ m—aNT+EE oz — U [ @K, B&ILT?
EE: BKttR$, SE_ 1Tt
ARH: IXIT—HEBK, MARZ. - ATHETNELTENEE,
WE=+ANT, —Riks, FHRFZ, 2 REK,. &R,

¥ K
A
4%
[ %)
[HE&E%E@«&&ﬂﬁmewm%ﬁu+aw=ﬁmé.l%ﬁiz
a- 18
uﬁws°(%J

[2] FAHRBILIER R -2 + 420x - 25875 = 0, (BE)

[ 4% ]
AR kMW, XE42F, PE18F, $H120%, SMAKELE T 10
¥ 187, %, Fl: RFHSK, M543 57
. BTHKI5T, B27TF.
K: BEA—AHHETHK, o5k RILM. 5] -25875 AF %K
R, R0A—KRAZE, - 1ARZAAZE, T+F5, REAKTHEK,
& FTE
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6. A farm in the form of an isosceles trapezoid has its da kuo equal to 42 bu,
its xiao kuo 18 bu, and its zheng chang 120 bu. A section of 10 mu 187'21* bu
is cut from the da kuo!'- Find the length and the width of the section.
Ans. Length of the section, 75 bu;
width of the section, 27 bu.
Process. Let the element tian be the length of the section. From the state-

ment we have 25875 for the negative shi, 420 for the positive fang, and 1

for the negative yu, a quadratic expression (2] whose root is the required ¢ o
1 2=
ength. 5B
g =
CFa oy
b o |
£
E
=
m
&
L

width

length

[ Notes )

[ 1] Let the width and the length of the section cutting from the trapezoid be a and

120-b_a-18 (g

1 1
—_— = 258? -y Y - *
b. From the statement we have 5 (42 +a)b 2 120 42 - 18

[ 2 ] The expression in modern form is the equation: —x* + 420x — 25875 = 0. (C)
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[ R3]
SHEH—B, K—B=1~%, AA+/N\¥E, SAREM —gpus, (1)
a]. #&i. WEILMA?
EE. BKkN+/\%, BE_1TE,
ARE: EXITE—REBIK, WBRZ . B F=A M RkEEL, —HIERM,
WHHZ, 1 Rk, B,

2\

¥ X

B WHAIBEN

396 [iFR)
(1128, BES5Na, b, KA. —é—ab =576, 2 =% | (%)

136 68 °
[2] FFHARMBRIER N 2 ~ 2304 = 0, (PR)

[ 4% ]
SE—%im, K136, W68, SURARRTLIES, M: AF
HoyKk, BEAHE DT
2 BMTHKA8 Y, MTHH 24 %,
R REA—AMT K, Lok LM, 55 2304 5 % R,
1 ARSGARAREK, F+5, FIMTHEK, FEPH,
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7. From the top of a gui tian ( a farm is in the form of an isosceles triangle )
whose length is 136 bu and width 68 bu a section of land containing 2 mu 4
fen is cut off! ') Find the length and the width of the section.
Ans. Length of the section, 48 bu;
width of the section, 24 bu.

Process. Let the element tian be the length of the section. From the state-

ment we have 2304 for the negative shi and 1 for the positive yu, a qua-

dratic expression (2] whose root is the required length.

9
e
=
&
<
g
€

width

[ Notes )

[ 1] Let the width and the length of the section be a and b. From the statement we

] — b __a
have Eab = 576, 3" 68 {G) *

[ 2] The expression in modern form is the equation: ¥* — 2304 = 0. (C)



8.
[ R3]
SHEH—B, K—AZ1+%, Ru+A\%. SHEMARELLtEL TR
o U a): #IK . R&JLE?
ZH: BKNTEE, BRA=1T4,
ARE: LRIG—HEIEK, WPKRZ, B8—TLER+HEREZL, I+
NANTT, 4k, Rz, 2 Bk, &,

HHIER

B

¥
R
[ 5]

396 [1] B aEHBT. D BKA 5N a, b, HED: (48 +a)b=
120 - b _ a
1755, == 18 - (¥8)

[2] FHRAWBARIER . ——;-xz + 48x — 1775 = 0. (B&)

[ $iF )
AH—kiw, K120¥, MB8Y . SHEMNEARKTTISFISF, F: K
TRy K, BEAHZ DT
A BTHK4AS Y, TR0,
A BEA—AKRTHEK, Aok RAM, 53] 1755 AFHA,
BANF, < ARBEARY, T, BARTHR, HEHM,



8. A section containing 7 mu 75 bu is cut from the lower part of a gui trian
whose length is 120 bu and width 48 bu!'! Find the length and the width of
the section.
Ans. Length of the section, 45 bu;
width of the section, 30 bu.

Process. Let the element tian be the length of the section. From the

statement we have 1755 for the negative shi, 48 for the positive fang,

and 2 fen for the negative yu, a quadratic expression ‘2! whose root is

the required length.

width

/ length \

[ Notes ]

[ 1] The section is in the form of a trapezoid. Let the width and the length of the

section be a and b. From the statement we have

120-b a
= . (G
120 48 )

%(43 +a)b = 1755,

[ 2 ] The expression in modern form is the equation: - % x* + 48x - 1775 = 0.

(Cc)

H’J\‘WE.

SUMOUNU( N0 8Y} JO 10U opep

X
F =
N
2
o3

ﬂ.
e
=
]
ey
L=
&=
b i |
o
e
=
i o
&3
H'I




9.
[ "]
SHEH—-B, K—8tt+mE, B—EH—1+ %, SARBRAOK,
H=F=1+tF¥. 1 . B, BEILMA?
EFH: Batnsd, BN+,
ARE: SLRIT—AEE, RRZ BB - +HNEE, —NIEMH,

TR, 2 BRE, Al

BHIAE N

Bk

® .-
b _ a

~ . Llap=337L1, b -
400 (VT A, RSN a, b, #BD: Lap =337, b~ —

(3) DR 116 G
[2] AHFRABRIERN: - 225 =0, (BR)

(4iF]
SAE—kiw, K174, M6 F, SAEARKT—HRE, XaR

B33P, W KD, REH S
Z: BTHHIST, MTaHMAS .
K REA—ABTEL, Adefsk LA, 5] —205 B E XA,
| ARFAARK, FFr, FARTHL, HEHA,
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‘ 9. A section in the form of a right triangle containing 337%- bu of land is cut
from the east side of a gui tian whose altitude is 174 bu and base 116 bu!'’
‘ Find the gou and the gu of the section.
Ans. Gou, 15 bu; gu, 45 bu.
Process. Let the element tian be the gou. From the statement we have 225

for the negative shi and 1 for the positive yu, a quadratic expression [?/

whose root is the required gou.

e
r‘1
e
&3
=z
Iy
on

L
2=F
e
=
-
e
nie
b
-
e
&
vy

gu

gou

[ Notes ]

[ 1] Let the gou and the gu of the section be a and b. From the statement we have

1 1 b
Lop-337l b _
29 2174 1
"Ex 116

[ 2 ] The expression in modern form is the equation: x> — 225 = 0. (C)

4 . (G)
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10.
[ R3]
SHARHE B, BREKA+TAYL, AR +HE/N5G. SARELH—
BART =840 ) #)i<. &7
%E: BEK=1+2%, MRS,
ARE: SARITG—HEBK, PR B—F k25, —HIER,
FHFHZ, 2 BEK, &l

»
=
R
[ 8]
(11" T/, A5 h084. 0.6, icB FHE . BaFHa, b,
1 , _ b _ a
H%T@_mmwﬁ_%gﬂﬂ)

[2] HAXHBAER N, 2 - 1024 =0, (BE)

[ 4% ]
AH—hARE, RKB6 Y, W255F. SARKIMT HH—Hwm,
k@A 15335, . KTRE. DREH 3P
Z: ATHRKRY, 486,
R: RRA—ABRTHREK, AdeRF ik RKAM, 152 1024 47 &
R, | ARBRA R, TFFF, BARTHORK, HEHR.
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10. A farm is in the form of a right triangle whose gu is equal to 86 bu and gou
25 bu 8 fen. A section containing 153 bu 6 fen is cut from the top and sold.! !
What are the length and the width of the section?

Ans. Length of the section, 32 bu;

width of the section, 9 bu 6 fen.

Process. Let the element tian be the length. From the statement we have 1024

—
for the negative shi and 1 for the positive yu, a quadratic expression' 2 'whose E £o
£z 5
root is the required length. A :
-y
e
=
=
|
I
o |
ength
width
403
[ Notes ]

[ 1 ]The 8 fen and 6 fen following bu is 0.8 bu and 0.6 bu respectively. Let the gou

and the gu of the section be a and b. From the statement we have %ab = 153.6, '8% =

a
25.8

[ 2] The expression in modern form is the equation: x> — 1024 = 0. (C)

. (G)
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SEARE—E, ARE LS, BELTES. 4 NIRRT =
‘ FEsk, (0, B, WS LT

WE. BENRS, RE=18.
RE: FRT—HRE, WERZ, BATAE-+ENES, —6
tH%F, —NIEB, FHFz, 2 BRK, A,

WEHIAIER

B

E R
»
*®

[ %)
U]ﬁ?%ﬁ*ﬁ%nEﬁF%¢W1Eﬁﬂﬁmb,MWr%UT+Mb
1 95-b g
:IQSTE, 95 =5? u(%}
[2] FAHFKBHITERF: 22 - 190x + 6525 = 0, (BK)

(4% ]
S — @, HESTH, BRKISF, SMHHE kb, LER
%sﬁﬂ%%,m=ﬁ7%&\mé%§#?
K. BTFeHK4A5F, HM30F,
K. KEA—ABRTHE, AR F kKA, 158 6525 4% #A,
—190 A —kFEH, 1 ARSGAALRK, FF5, FRAXTHK, &
BFT e .
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11. A farm is in the form of a right triangle whose gou is 57 bu and gu 95 bu.
A section containing 8 mu 37% bu is cut from the base.!! ' What are the length
and the width of the section?

Ans. Length of the section, 45 bu;

width of the section, 30 bu.

Process. Let the element tian be the length. From the statement we have
6525 for the positive shi, 190 for the negative fang, and 1 for the positive

yu, a quadratic expression ‘2! whose root is the required length.

)
F’
=
e
&2
c9
s

=
]
o+ |
=%
=
-
=
-
I
=
=
v
9
™

width

JIsua]

[ Notes ]

[ 1] The section is in the form of a trapezoid. Let the small width and the altitude

of the section be a and b. From the statement we have

95 -b a4
95 57
2 ] The expression in modern form is the equation: x> - 190x + 6525 = 0. (C)

. (G)

1 - 1
5 (57 +a) b= 1957,
|
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SHARE-B, AfENTH, BRK—EaR ¥, 8. 2. A=A4m
Z: BEBE T L+#, ZBR—T/ANELE, NERAERE. A\@
EE—ARS5C, NREE—-ARSA, MIEH-BS5H U E: =
AEEBIC. W& L2
EH: FEKA TS, S#E=1+/\%;
BN, BA=1T/\%;
ARRE TS, B+ %,
ARE: SRTG—HLEEA, BRZ, B—TFHEHAMEHENGEE, —
RHIER, FHAZ, P REE . wegm. X M KIG—HHEAR,
MPRZ . BNERAEE, Za B, Pz, B3Rk,
A K. Sa).

EHAIE N

Bt

R

L B

LR

[ %]
[1]icZBENE ., BAa, b, RAERKA/NE, BHAa, b, BLBD:
a, +a,=60, b +b, =150, apb, = 2090, J-a,b, = 1805, > ab, = 605, (%)
[2] FHAMHBIUOERN: »* ~ 1444 = 0. (FR)
[3]“Z45r" BRo2%, (3) FFARMBAIER A : 0.2 - 605 = 0. (FR)



12. A farm, in the form of a right triangle whose gou is 60 bu and gu 150 bu,
is divided among Jia, Yi, and Bing. Jia receives 2090 bu, Yi 1805 bu, and
Bing 605 bu. Yi’s section is a right triangle at the south, Bing’s section a
right triangle at the east, and Jia’s, the remaining part, a rectangle. {!! Find
the length and the width of each section.
Ans. Jia’s section. |
length, 55 bu;
width, 38 bu.
Yi’s section.
length, 95 bu;
width, 38 bu. o
Bing’s section.
length, 55 bu;
width, 22 bu.
Process. Let the element tian be the gou of Yi’s section. From the statement
we have 1444 for the negative shi and 1 for the positive yu, a quadratic ex-
pression' 2! whose root is the gou of Yi’ s section which is also the width of
Jia’ s section. Again let the element tian be the gu of Bing’ s section.
From the statement we have 605 for the negative shi and 2 fen for the posi-
tive yu, a quadratic expression (3] whose root is the gu of Bing’ s section

which is also the length of Jia’ s section.
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[ 4% )
AH—HKRE, HEOF, BRKISOF, #F, T, BZALZ: F
BTG EMHA 2000 F, TZAAGERY 1805 F, ARMAH @A 605
Vo AR —GRBL L, AEASRF—QRNLHA, HIHTH
—REHLF, B ZARTHK, BEH %7
% PRTHEKSS Y, M38F;
LA IS, AfFeH4 38 F;
ARAFARSS ¥, BB 25,
K: RRA—HTHBFNE, Aok KEMR. 55 -1444 HF K
R, VARBKREYK, -5, F2LEBAG Y nrragen, X
R A— A AR, Ao BT ik R H M AT 5] -605 0 % 407,
RBRAZE, -7, REABFEOR, nr k. FEHF,

WEHAIE
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13.
[ /R3]
SEBH—B, EXKZA—1+%, MIE+E, KEL+Z%, 8.
L W, THZ: BERAT=aA1+#"a¥2Z—, ZEHRAET=
+EHE _AFEZ—, ABR - T8+ "a52Z—, TBHRE—T
ZER Tt A2 — NEEBRSH, K52, ", TV E: &
B, BILf?
%H. BRK—E1SE, 8@ttt —%;
LEBEKATRE, BEATE;
ABK - +HE, BN IE;
TREK—THE, B@ELTZ%,
ARH: ART—HPBE, MBRZ  BAT=FTHE_THNRE,




[ Notes ]

[1] The small gou and gu of Yi’ s section be a, and b , the small gou and gu of
Bing’ s section be a, and b,. From the statement we have a, + a, = 60, b, + b, = 150,

ab,=2090, Lap, = 1805, S-ap, = 605. (G)

[ 2 ] The expression in modern form is the equation: x2 — 1444 = 0. (C)

[ 3] Fenis 0.2 bu. (G ) The expression in modern form is the equation: *31- x -

605 =0. (C)

13. A farm in the form of an isosceles trapezoid has its zheng chang 210 bu,
xiao kuo 50 bu, and da kuo 92 bu. The farm is divided among Jia, Yi, Bing,
and Ding. Jia receives 63524 bu, Yi 50373 bu, Bing 2162 bu, and Ding
135’:"‘l bu. Jia’ s section is first received from the top of the farm. Yi’s

2
section follows Jia’s, Bing’s section follows Yi’s, and Ding’s section fol-
lows Bing’s. ['! Find the length and the width of each section.
Ans. Jia’ s section:
length, 105 bu;
width, 71 bu.
Yi’s section:

length, 65 bu;
width, 84 bu.
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TEMNE, —ANB, FHFAFZ, D EREK, X SXi—H
LEK, WBRZ, B—A-t+I 8L, —El+9\T, Zh
AN, FIHZ, D BBk, X MARITL—AREK, WELK
Zo BUT=A_tHAmE, —ABANT/ NG, ZahhE, F
HZ, I BREIK, X SR ATHEIK, mBRZ, 8T
tHE—tRHAEE, —BE /AN, ZahE, FiRrZ, )
/THEK. gMH.
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[ %]

(118, 2. A, THEYAIHE, icH8E. K238 a, b; a,, by a,,

zyg,@ﬂwmg=%,g+@+@+h=mm%4m+@)h=&ﬂ%,

1 N 1 1 _ 1
5 (a, +a2)b2=503?-§— ,T(a1+a3)b3=21623, 2(a3+92)b4— 13575 o
b _a,-50 b+b _a,-5 b +b+b _a-50 u,

——

210 92 -50" 210 92-50" 210 T 92 - 50
(2] FHXBIALIERH: 22 + 500 - 63525 = 0, (BK)

H]%ﬁﬁ%ﬂﬁ%ﬁ%:%f+Mh-ummzm(%)
H]ﬁﬁﬁ%ﬂﬁﬁﬁ%p§ﬁ+m&-4n5=miﬁl
[5 ) FHRMBRIER R : <0 + 178x - 2715 = 0o ()



Bing’s section:
length, 25 bu;
width, 89 bu.
Ding’s section:
length, 15 bu;
width, 92 bu.
Process. Let the element tian be the length of Jia’ s section. From the
statement we have 63525 for the negative shi, 500 for the positive fang,
and 1 for the positive yu, a quadratic expressiont2‘whose root is the length
of Jia$ section.  Again let the element tian be the length of Yi’s section.
From the statement we have 10075 for the negative shi, 142 for the posi-
tive fang, and 2 fen for the positive yu, a quadratic expression :*} whose
root is the length of Yi’ s section. Again let the element tian be the
length of Bing’ s section. From the statement we have 4325 for the nega-
tive shi, 168 for the positive fang, and 2 fen for the positive yu, a quadratic
expression '*} whose root is the length of Bing’ s section.  Again let the
element tian be the length of Ding’s section. From the statement we have
2715 for the negative shi, 178 for the positive fang, and 2 fen for the posi-

tive yu, a quadratic expression! ‘whose root is the length of Ding$ section.

1 %008 g
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[ 4% ]
AR —ME|, H210%, LESOY, KBy, £F. L. AT
42 PRAGERA 6352%*}, LAAF 6 EmARA 503?—21—+,E', A ARAF
%ﬁﬁﬁum%ﬁ,Tﬁﬁ%ﬁﬁﬁmﬂ%%aﬁLﬁTkﬁ%?.
BARKRLBT, A, T, Fl: BTk, MEAS I
. PRTHKI0SY, BAENHTLY;
BT K 65, BMAFEH 84
ALK 25 Y, KIFaIR 89 F;
TAMAHKISY, BFAGHR2 T,
i BEA—APEFGR, RobhkRAM, F3]-63525 %
FHA, SOOA—KRRAAK, 1 ARBFKRAZK, FFF5, FRTFA
B, X EEA—AHTEMAHK, AT ELEM, 73
10075 A K H, 1420 — KA A K, TARBRAALK, F+5, 4
B LAANEK, X BEA—AABFEGK, AR FERXLHF
5] -4325 AR, 168 h— KT AK, SHRBAARY, 7,
B AEFHEK, X BEA-ATEAGK, AR FELLH
A5 2715 HFHA, 178 A—RARHK, —}ﬂziﬁi&iﬁﬁﬁ, ¥
F, B TERMAGK, FEHF,

Bt HHIAIE N

412

14.
[ F3x)
ABWEH—B, ZKE+#, REAZ+THES . SHINEERNEK, BT
N D a: IR, REILM?
EE . BR_TNESE, BKRTH.
ARE: SRBEZ LTI 2, SIRIT—HBRE, WBRZ, BT



[ Notes ]
[ 1] The sections of Jia, Yi, Bing, and Ding are all in the forms of a trapezoid. Let
the width and the length of their sections be a, and b,, a, and b,, a, and b,, a, and b,

respectively. From the statement we have a, = 92,b, + b, + b, + b, = 210, 3-(50 +

a) b, = 63524 L (a, +a,)b,= 5037, 3(a, + a,) b, = 21625, % (a, + 92)
b, = 13575 .

b _a,-50 b+b_a,-50 b +b+h_a-50

210 92 -50" 210 92-50 210 92 - 50

[ 2 ] The expression in modern form is the equation: x2 + 500 — 63525 = 0. (C)

[ 3 ] The expression in modem form is the equation: %f + 142x - 10075 = 0. (C)

| 4 ] The expression in modern form is the equation: %xz + 168x - 4325 =0. (C)

[ 5 ] The expression in modern form is the equation: %r’ + 178x - 2715 =0. (C)

14. From a hu tian with its xian 70 bu, and its shi 25 bu a smaller hu shi ji
which equals 26 bu is cut.!! Find the xian and shi of the hu shi ji.
Ans. Xian, 24 bu;

shi, 2 bu.
Process. First find the diameter of the circle which is 74 bu (2}, then let the

element tian be the shi of the hu shi ji. From the statement we have 2704
for the negative shi, 104 for the positive upper lian, 296 for the positive

HHOOE.
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Haf
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LHEMREE, —AEEAMNERR, ZHEAATER, HoER,
=RFFZ, B /R H, AZ, URER, &, BRERZ, B
%o 14 Bla).

[E%]
(1] iEIMEMER, 3. KBRS, o, v, BRE (LEER) WER, HiE

ﬁj@s:%(w F2) = usw%ﬂ iCEMENER, %, RO9HS, ¢, v, B

o, Hﬁfﬂﬁgsl =% (clvl + VII} =26, (¥)

(2] BXI# CLERARE), K (AERR) Qs “2BEEM" ZAKNK

(52 (B
> + Vv = 25

HFERZ#E d: d = + 25 =74, (3()

[3] FHRWILTERH : —5¢ + 2960 + 104x — 2704 = 0. (Bk)

(4] BeB: ¢, =2 = 24, (38)

[ & ]
AOA—5RE, ZKT0F, £M25F, SMIRF B E—DIRE, X
@ARA 26, Fl: PR megiE, x&4 %07
E: BEZE24Y, BKR2Y,
R: ARGFROAERGARZT4T, ERXRA—ABRE, AR FE
KA, 1535 2704 AFHA, 104 AHA_KFAEZEK, 296 A= KA AR
¥, -SHBRBRREHK, FWAF, HEBL 2T, XL, AE
BT @ 24, AeM, Aktkhz, R, FEFTE.



lower lian, and 5 for the negative yu, an expression'?!of the fourth degree
whose root, 2 bu, is the required shi. From twice the given area subtract the
square of the shi. Divide this remainder by the shi. The result is the re-

quired xian '*’.

[ Notes ]
[ 1 JLet the area, the xian, and shi of the hu tian be S, ¢, and v. According to the hu

tian method in The Nine Chapters of Mathematical Procedures, the area is S = —12- (ev

+12)= 1187-. Let the area, the xian, and shi of the hu shi ji be S, ,, and v,. From the

statement its area is S =—%— (clv + vzl} =26. (G)

1

[ 2] According to Liu Hui’s Commentary of “The Nine Chapters of Mathematical
Procedures” and the gou gu ju yuan cai method of in the chapter gou gu of The Nine

Chapters of Mathematical Procedures, we have the diameter of the circle d, that is,
<., 10,
(3) _ (52
v

d = 25=74. (G)

+ Vv

[ 3 ] The expression in modern form is the equation: —5x* + 296x* + 104x* — 2704

=0. (C)

2
[ 4] Thatis,c, =£—J—L=24. (G)

HJFOOE.
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15.
[ R3]
SHEBEH—B, B +t$. SAHE—NK, HB—-FT=5—1+=
AP, U 6] 8K, R&ILA?
BH. #K_+HSE, B\,
ARE: SLRITT—HEER, WBRZ, BRNANTAAARNEZ+THNIE
£, AT-BAATAELE, A TANETE, AANER, =%
Tz, 2 ERE, &N, |

B¢ BHIAER

[ %)
[1] Ep, S=%(cv+v1) = 1312%9 (58)
[2] FHRHIRIER B 5¢ - 356x° - 525022 + 6890625 = 0, (BR) -

416

[ 4]
SAH—BEE, AK26TH. SRAME—RE, HEBRA 13125 5.
Bl PrAAEegiE, XK&AHF 7
2. BME25, MEZE80¥.
A BRA—ABE, ABRFELEM, 52 6890625 4 F XA,
—5250 A — KA, 356 AZKRALRK, SHARSHARARK, Fw
RF, #BBE, HEFE,
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15. The circumference of a circular piece of land is 267 bu. A segment is cut
off with an area equal to 1312%— bu. '’ Find the xian and the shi.
Ans. Shi of the segment, 25 bu;

xian, 80 bu.

Process. Let the element tian be the shi of the segment. From the statement

we have 6890625 for the positive shi, 5250 for the negative upper lian, 356
for the negative lower lian, and 5 for the positive yu, an expression (2] of

the fourth degree whose root is the required shi.
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[ Notes ]
[l]Thatis,S:—é—(cv+ 2) = 1312%, (G)

[ 2] The expression in modern form is the equation: 5x* — 356x° — 5250x* +

6890625 = 0. (C)



16.
[ FEx]
SHEBEH—B, #AtH. B, BN, HPEADEE -, LK
B FER_ANT="0F 22—, ZBRAE I A$E_a%2
—o M a): B, ZBEGK. RILMA?
EH: BEENE, 8KH TS,
BRI, BEZEtT %,
ARE: SERITT—HPBER, WSR2 . B=+_"F—-FHEEN+ LA
IESE, —T—H=1TMA% LEE, G- THETE, AANER, =
FeHIHZ, P BRERNE. FIRR, 52, @BSNTF, HEEE,
RUKERZ, BIF#IL, 3 X St Roe—HAEEK, R, 18
TEAT - ANTNAENGE, = F AN AN LE, =EATH
MR, A, =2, SR —TA\F . HEBHFHEEX,
REPZBER. X HERAZ, BT . ZHBEBFEZEINTFZE,
A, PAEtEm—, BZ83%. 5 &N,

BHAIENR

B

418

<
-]
$::

(1) iEH R 2R M. KR, v ¢, v,, B ZFRE

BTSN S, S, BB S, = 5 (v, +v) = 2831,
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16. A tract of land is in the form of a circle whose diameter is 90 bu. Jia and

Yi each own a segment. Jia’s share is the segment of one base and contains

1
2

Find the xian and the shi of each segment.

bu. Yi’s share is the segment of two bases and contains 526 L pyln)

283 >

Ans. Jia’s shi, 9 bu;

xian, 54 bu.

Yi’'s shi, 9 bu;

xian, 72 bu.
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Process. Let the element tian be the shi of Jia’s segment. From the state-
ment we have 321489 for the positive shi, 1134 for the negative upper lian,
360 for the negative lower lian, and 5 for the positive yu, an expressiont?-
of the fourth degree whose root, 9 bu, is the required shi of Jia’s segment.

Reduce the area of Jia’ s segment to an improper fraction, double it, and

from the numerator subtract the square of the shi. Divide this remainder by 419
the shi. The result is the required xian!?’ Again let the element tian be the
shi of Jia’ s and Yi's segments taken together. From the statement we have
2624400 for the negative shi, 3240 for the positive upper lian, 360 for the
positive second lian, and 5 for the negative yu, an expression’ * 'of the fourth
degree whose root, 18 bu, is the required shi. Subtract from this root the shi
of Jia’ s segment; the result is the shi of Yi’ s segment. Reduce to improper
fractions the double Jia's and Yi’s segments and from the sum of the nu-

merators subtract the square of the large shi ( Jia’s shi plus Yi’s shi ). Di-

viding this result by the large shi we have the xian of Yi’s segment (s],



EHAIE N
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S, =5 (ey, + %) --%(c,p, +92) = szﬁz{.u (¥5)

[2] FHRABRIER N : 5 - 360x° - 1134x* + 321489 = 0, (BE)

[3 ] XBIENFEBM 28T ERTE, REURERRE. (BR) FXR “fF
2" 2T, RER ()

(4] FHRABMARIERH: -5x* + 360x° + 3240x? — 2624400 = 0, (BF)

— 2
Z(S]+fz) v2=?20($ﬂ)

2

[5)B3CHE “f2” =, KA. BED: ¢, =

[ 4% )
AA—EEE, A290%, F. ZHAFRMAE E&R—KE, FRD ELB
— R, MTHBL, PRAGERA 2835 ¥, LRAGERA
5265 %o M: T, LEMEE, KA S
B PREOF, MiES4 T,
LBEIY, RET2Y,
K: BEA—HFREK, ARG ELEB, 72321489 A F A,
—1134 A KA A, 360 AZKRAAK, SARHARAEHK, Fw
ko, BETHREOY . 5l FHMRGBR, Mls, BHATF, AP
BMERGFF, Lo, ALz, HATFTHRE, L EXA—AH#
BEk, AR F kKA, 53] -2624400 4 F A, 3240 A =KR
A, 3608 ZRARK, SARBRARK, FORT, 3| HK
%189, APREFAL, #2LRK, X FLELXAE, AKX
BT LERBGOR2EGES AT BRFOH, LM, AT L
kB, RWALRE, HFEHA,



\ Jia

[ Notes ]
[ 1] Let the xian and the shi of Jia’ s segment be ¢, and v,, the xian and the shi of
the segment that Jia and Yi shared c, and v,, and the areas of Jia and Yi’s segments S, and

S,. From the statement we have S, = % ( eV, + vi) = 283-~l2~ ,

S, =%(czv2 +v,) -—%—(c,vl +v) = 526-%-. (G)
[ 2 JThe expression in modern form is the equation: 5x* — 360x> — 1134x* + 321489
=0. (C)

[ 3] Here it means subtract from twice the area of Jia’ s segment the square of the
shi, and divide the remainder by the shi. (C) The two characters bei zhi ( double it )
were lost, we add them according to the meaning of the text. (G )

[ 4 ] The expression in modern form is the equation: =5x* + 360x® + 3240x* -
2624400 = 0. (C)

[ 5] The two characters bei zhi ( double ) were lost, we add them according to the

2(.5'1 +fz) - v§=72- (G)

2

meaning of the text. That is, ¢, =

HW.
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17.
[ F3)
AHRE—E, BARBE—IK, HE=1—2P¥E; 8K, 7TH
.0 Rz RERELIMZEER =02, [ ZII&E8GL . RJU?
EE. BBE =%, BE—1T/\¥;
ZEERNE, B TP,
RE: SERT—HPBRE, WBRZ B=AETELAE =+ —HIEK,
ZHEFEE - F—RNF, —F-EEEL =N EE, LTRAER
+ANETEE, TALAINEE, == AT, AR, ik
FIFZ, P RERE. X ARIL—HZEBER, RRZ. /BT
WAL, —FRIAS, — M, FHFZ, ) BZER. B

e
W
kR

[E% ]
(1150 . ZFRIMEER. %. RTINS, S5 ¢, vi &0 v, ULED:
S = -%— (cv, +v3) = 31%. S, =%'Ir:2'~'2 +v2) =90, (¥§)
(2] BP: v, — v, = 3, (FB)
[3] FARBBELN

_5x6 + 3300 + 207x — 9666x° + 1077322 + 35721x + 35721 = 0, (P )

[4] FHRMBRIERH: -2 + 16x — 60 = 0, (FE)



17. Jia cut off a segment containing 31% bu from the east side of a circular
tract of land and Yi a segment containing 90 bu from the west side!'! It is
known that the shi of Jia’s segment is less than that of Yi’ s by 3 bu!?.. Find
the shi and the xian of each segment.
Ans. Jia’s shi, 3 bu;
xian, 18 bu.
Yi's shi, 6 bu;

xian, 24 bu.

Process. Let the element tian be the shi of Jia’s segment. From the state-

ment we have 35721 for the positive shi, 35721 for the positive fang, 10773
for the positive upper lian, 9666 for the negative second lian, 207 for the
positive third lian, 33 for the positive lower lian, and 5 for the negative yu,
an expression'3 lof the sixth degree whose root is the shi of Jia’ s segment.

Again let the element tian be the shi of Yi' s segment. From the state-
ment we have 60 for the negative shi, 16 for the positive fang, and 1 for the
negative yu, a quadratic expression [4! whose root is the shi of Yi’ s

segment.

Jia's xian

shi
Yi's xian

EW.
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[ 6% )
SA—BEE, PARLE—KT, ARERA3IT Y, CABLH—
RE, A EHRAHNY, AEFHRELTHBEEIIT, F: —Hha S
Wik, kA BV
. IMEX3Y, &iZ18F;
LBERO6Y, MiZ24 ¥,
K. REA—HPRE, AdobtrkRLR, 5535721 ¥ KA,
35721 5 — kA A3, 10773 % =% T & H, —9666 % = K 5 £ K, 207
AKRABRI, BALRREN, SARGRAZRY, F-RF, #
HPhEk, X REA—ALME, RoRFTELLM, 7260
HEHA, 16 H—KTAAK, 1 ARBAAZK, FEF5, #32
MK, HEPTE,

| 18.

® -

424 SEFNAEE—E, HHARATEATZA T RE: MERE
mABBENASZ T SF-HAAEE—I, T -F -+ 5% K
INRERA B KIREK =4, 2] o). —gRR& L7

wE . BAMENSE, Z=+—%;
BANIERSE, Bo+H.
RE: 7 KTo—HKER, MFRZ ., B—TFATNEE, —INE,
EHFZ, O BREENE, 7z, Afi—, BNER, X
KT—HB/NE, MBRZ, B =FBA+—FETF—B_+
HRIESE, BF_aN+=ANBARS, — T8~ TA—THA
it N b, - AAT—EE NS, — FAFETEH

Bk WHIAEE




[ Notes )
[ 1] Let the area, the xian, and the shi of Jia’ s segment be S|, ¢,, and v , and the

area, the xian, and the shi of Yi’s segment be S, ¢,, and v,. From the statement we have

S

= 2 (e, +v]) =314, 5, =2 (e, +v) =90. (G)

[2] Thatis,v, - v, = 3. (G)
[ 3 ] The expression in modern form is the equation: ~5x5 + 33x° + 207x* — 9666x°

+ 10773x% + 35721x + 35721 = 0. (C)

[ 4 ] The expression in modern form is the equation: -x2 + 16x - 60 = 0. (C)

18. The sum of the areas of two circular tracts of land, one large and the other

small, is6 % mu.!')The diameter of the small circle is only five-eighths that of

the large. From each a segment is cut off the sum of their areas being 222%- bu.
The shi of the smaller segment is less by 3 bu than that of the large.! > Find the
shi of each segment.
Ans. The large circle:
shi, 8 bu;
xian, 32 bu.
The small circle:
shi, 5 bu,
xian, 20 bu.
Process. Let the element tian be the diameter of the large circle. From the

statement we have 1600 for the negative shi, and 1 for the positive yu, a

1l Y008 gg
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B—t—HRW=8, ATEE AR, tEE = fi, —
+hiE T BE, —HNIERE, LRIFZ, I BEARIYE, BZ, U

WIS

Bl wiER, &, 82, DEBNERE, AN%E, FEF, B/
gZO[}] %rﬁ]o
¢ ~| %
= [ ¥ = | &
= =
§:3:-3

.

[1 ]iaj: fjxwaﬁmum,, dy Bom =3, Wl 3, + 3, =60
= 1668 ¥, d, =% do (%)

(2] iEMK. fi\lﬂlﬁﬁﬁzﬁﬁﬂlﬂﬂﬁﬁ1 . KBNS, S ¢ v Cpr vy
geBp: S + S, = —%-(clv! +v? ) + %(czvz +v,) = 222%0 v, - v, =3, (5§)

(3] AHAHRRIERNA: 2 - 1600 = 0. (BK)

[4] FHEHBATER

X — 14x7 - 753x5 + 5702 + 187511x* — 226154x° — 12601450x> — 42430800x

+ 432915125 = 0, (BR)
[5]KED: ¢, = (&= (d, - 2v,)? > B LEREAR ) 2B RIS, (F)

[ 4% ]
HAK, ME—EEW, 4*—@7??7‘}6— o AZA: JJ H 422 X B 12
PEREE TN I RS L -ﬂ-ﬁﬁﬂé#?ﬁ 225 F. MAEH K
mk%ﬁ%%;SﬁnM:ﬂmw%ﬁ\kéﬁﬁ}?
2. BERKIKK8F, 32,
AR ESY, ZE20F,



quadratic expression (2} whose root, 40 bu, is the diameter of the large

H’IOOE.

SUMOUNU N0 8Y} JO JOUIW aper

circle. Five-eighths of this diameter is the diameter of the small circle.

Again let the element tian be the shi of the small circle. From the state-
ment we have 432915125 for the positive shi, 42430800 for the negative
fang, 126ﬁl450 for the negative upper lian, 226154 for the negative sec-
ond lian, 187511 for the positive third lian, 5702 for the positive fourth

lian, 753 for the negative fifth lian, 14 for the negative lower lian, and 1 for
the positive yu, an expression ! of the eighth degree whose root, 5 bu, is

the required shi of the small circle. Multiply the shi by 2. Subtract this

T
g
=
o
£
e
N

e
==
=
=
-
-—
c2
o
LT,
=
rr
&5
!

value from the diameter of the small circle, square the result, and subtract
it from the square of the diameter of the small circle. The square root of the

remainder is the xian of the segment of the small circle [,

large xian
small xian |small large

shi shi

[ Notes ]
[ 1] Let the diameter of the large circle be d,, and the diameter of the small circle d,.
Using 7 = 3. From the statement we have% di+ % d;= 6% mu = 1668% bu,d, = % d,.

(G)
[ 2 ] Let the area, the xian, and the shi of the large circle’s segment be S,, ¢, and v,,

and the area, the xian, and the shi of the small circle’s segment be S,, c,, and v,. From the

statement we have S, + §, = % (cy, + V) + %(czvz +v,) = 222%,and v, — v,

=3. (G)



K: BRA—AKERZ, AdofrFEELLR, 53 —1600 4 F X7,
1 ARGRAZRE, FF5, AEXEZ40F, £A5, RS, B
SN2, XL BRXA—AMDIREK, ARFERLME, F3
432915125 A ¥ ¥R, 42430800 4 — K H A3, —12601450 A =&
RAK, 226154 A=K REH, 187511 A RA R, 5702 A B K
REH, -TBAFNKRAEZE, " UALKAEZHK, | ARBHRARK,
FNEF, FERPREST, 452, AEIEEZE, &, BZ, L&
SHBEER, BAF, FEH, ARG, FEHFE,

Bk BEHAER

19.

[ R3]

AHBHE—B, NEAEM S, —Exksn, KM/ EBEEER, VR

= B2 ak, 2FEEZ 4. SHBMNAERERBRLaE =1\

.12 [a). Bibsk, WERERA. SNE. BLIERE L0

BH: BiRAE, WE=1TNF;
WR=1tX =4, SHE-E+HEMma;
Ee—tmy, £R8—t%,

ARE: SIRIT—HAZER, MBRZ . B-LBENEE, —+HRET,
— R, — RN, TR, BIBEAE, SRIGER/N\ T2, i
AN, X_Z8E, UERN—, 8—8-tE50, IEEA. 5
FHMZE. Y X MRIL—ABHEE, RKZ, B—JKATF
Wt AFEFRE—tT L ETFREBE T A —TFTILB =T ANIE
L, —TEEET\A=FTR=FhaN\t+t=a/\Tta -t i
5, =t ATETANEZFHIZANTHERESTEA—T A LEBE,
“HETFAREBEFMCET=aLTANATEEASTAN_SRE, —A
P ETF—EAFATIATAT RS =8, Uz Fa -+
WH=F=aA/,1R U, WaLtHEAALTARAEATE I
B, \IT_-F=B_+AIN\TE, —TWUAE—IMNE, LEHITZ,
BERBEANE, g, UBHE, &, Bk, SRR, KL,
SEHFZ, BEME 'Y X wERAE, 52, UBERZ, B
R AL, sXEMEA AL, LIBASNEARZ B, RENSNE T,
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[ 3 ] The expression in modern form is the equation: x2 — 1600 = 0. (C)
[ 4 | The expression in modern form is the equation: x* — 14x” — 753x% + 5702x°

+ 187511x* - 226154x* - 12601450x* — 42430800x + 432915125 = 0. (C)

[ 5 ]That is, r:2=Jd§_ (d, - 21,2}z.Theresultwasfl‘omthegnugujuyuan method

in The Nine Chapters of Mathematical Procedures. (G )

19. A circular tract of land has a circular pond of water at its center. The area
of the land 1s 8 % mu!')The square of the shi jing exceeds the diameter by 20
bu. A piece of land in the form of a section of a wheel is cut from the west
side, and its area is 538 ( square ) bu.'?’ Find the jie chi xian, the chi shi, the
interior and exterior arcs, and the bo jing.
Ans. Jie chi shi, 6 bu,
chi xian, 36 bu;
interior arc, 37 bu 2 fen;
exterior arc, 70 bu 4 fen;
bo jing, 14 bu;
shi jing, 10 bu.
Process. Let the element tian be the shi jing. From the statement we have
700 for the negative shi, 20 for the negative fang, 1 for the negative lian,
and 1 for the positive yu, a cubic expression (>} whose root is the required
shi jing. From this value we can easily obtain the diameter which is equal
to 80 bu, and the diameter of the pond which is 60 bu. Twice the area of the

tract of land in the form of a section of a wheel divided by the shi jing is

1T %008 g
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BEHAENR

ek

L WEMSEERER, ) AT, 52, LEERZ, FriE s
%, ) LIBANE, REEZ. 0 WML, AEZ, BPEE, O

ahl

=] s

[ %]

[1]icEME, BuwEssHi, 1, . _lli:’«;-_lF:a%ﬁ?: 2100 %,
(%R)

(2], AFZESH N, d, B & - d, = 20, iICFEMBESH. A
FABIAL, L, WERMBWOESY (L, + L,) d = 538%. (%)

[3] BRIT—HFZELE, () AFXWIER A £ - 5 - 20x - 700
=0, (&)

[4] “#” FZ “N4" o064, AU EIFFARSER =10, MEHZ
WiEd = - 20 = 80, EMASAZML, + L, = H&ﬂ= 107.6 “BA”, B4H
MAE “inT, TTAEE, LT oA v, (%)

(5] &M Emmat, AR7ERMmAELE —IH, AR, ’RXIT—HEIK.
(3B ) FHRMIARTER A 24018 + 82320x7 — 4955664x5 - 922743360x° -
12451688064x* + 2765453909760x° + 18782984630016x* — 2558300039838720x +
14099791755591936 = 0, (k)

(6] iCEMAER . BLHL. KON, o, v,, B (UERAR) ABHE
BHARBE: ¢, =/a2- (d, - 2v,)% o (%R)

(7] FmaSZzmaE. (F) S EEEREMARA L, LakfHENs
BABERBARIEE L, — c, = 22 . dRHEMANE, Bk (4] Rl

d!
5. (5)
[ 8 14MEIIRTE B0 o ( Bk ) 2478 FE B2 A0 A IR FEL AR s A R R | SRR MK

@K, iCHc, v, My =v, +do (F)




107 bu 6 fen. The result equals the sum of the interior and exterior arcs.'*/

Again let the element rian be the jie chi shi. From the statement we have
14099791755591936 for the positive shi, 2558300039838720 for the nega-
tive fang, 18782984630016 for the positive upper lian, 2765453909760
for the positive second lian, 12451868064 for the negative upper third lian,
922743360 for the negative fourth lian, 4955664 for the negative fifth lian,
82320 for the positive lower lian, and 2401 for the positive yu, an expres-
sion of the eighth degree whose root is the required jie chi shi 6 bu.! > Double
this value and subtract from the diameter of the pond; square the result thus
obtained and subtract from the square of the diameter of the pond the square
root of the remainder is the jie chi xian.!®’ Again twice the square of the
chi shi divided by the diameter of the pond gives the chi zhou xian cha.
Add to the chi zhou xian cha the chi xian, and we obtain the interior arc.
From the sum of the interior and exterior arcs subtract the interior arc the
remainder is the exterior arc!”) Again, the sum of the jie chi shi and the shi
jing is the tong shi!®' Twice the square of the tong shi divided by the diam-
eter is the wang wai zhou xian cha!®’ Subtract this quotient from the exte-
rior arc, and the remainder is the tong xian!'?! Again, subtract from the tong

xian the jie chi xian, and one-half of the remainder is the bo jing!'"

g
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[9] SMEI R HIZMZE., (BR) FHLENSBARBIREIEKE:

2
L - ¢ =, (%)

1
[10] SMEMTE % (BE) ¢, =L, - (L, - ¢, )o (FB)
[11] 2K (c, - ;)0 ()

Hét HBHIAIE R

[ 5% ]

AH—gEE, A—BkEB Pk, #THBRARAST ¥, RE:

Mire £ AR LA w82 E220F AN BLERE—4Re, LE

A 538, Fl: MM EARGE, X, REBEGAIE. B

BEH SV

2. A& K 6F, %36 F;
Lmei N A 372 ¥, srAT04F, 2145,
FRE&EZEI10Y,

K. BEA—HEHKEG LR, Ao FELLR, /53 -700 HFHK
H, 20K —KRAEK, -1 AKAEHK, | ARSHAARK, 2
F, 13852, KIFAWH:8280F, Hash ey, L. £48
wegmAEL 2, Rl E£2, 55 107.6 T AEMEEG A
ZHa, X: BERA—AMBEARGEK, AeBRFTELABR, T2
14099791755591936 3% ¥ # R, —2558300039838720 4 — K & 3,
18782984630016 % =k F &3, 2765453909760 % =R % #,
—12451868064 A w3 KR % 34, —9227443360 % £ KR K, —4955664
HNKRRA, 82320 AL RARH, 2401 AR BHRARH, FAK
7, MBI X6, AT A ey K, A ke 512,
AehMak, AEHALARE, FEEHFTHR, 15, HRAMK
Maeg iz, X MM K AR, mid, hARe EZ, 15
A APTBEERE., 2 £, R E ARG, #5548
WHHR A, AARKREREYASAZS, RFEFKANH, X B
AE e L mrEeyERE, AFAEREK, KA K, miE, AN
e BARZ, TR EMANNRZE, VILRZERINA, &
TCE YL LU PR ELPEY Y PXE NS 2 LY
R EMEEE, FEE,




[ Notes ]
[ 1] Let the circumference of the circular tract of land be /,, and the circumference
of the circular pond /,. From the statement we have Tli I~ -11—2 ii‘—'ﬁ% mu = 2100 bu.(G)

[2] Let the diameter of the circular tract of land be d,, and the shi jing d. From the
statement we have &° - d, = 20. Let the interior and exterior arcs of the piece of land in the form
of a section of a wheel be L, and L, Then, the land” s areais—- (L, + L,) d = 538 bu. (G)

[ 3] Let the element tian be the shi jing. ( G) The expression in modern form is
the equation: x> — x2 ~ 20x - 700 = 0. (C)

[ 4 ] From the equation above, we have shi jing d = 10, the diameter of the circular
tractof landisd, =d, ~ 20 = 80, and the sum of the interior and exterior arcs of the tract of
land in the form of a section of a wheel L, + L, =2La_53-8- = 1(}7]—% . It is unnecessary that
Luo Shilin changed character yi into ru. The character yi has a same meaning as ru. (G )

[ 5] When a piece of land in the form of a section of a wheel is cut, a piece of land
in the form of a section of a circle in the pond is also cut. It is called jie chi. Let the element
tian be the jie chi shi. ( G ) The expression in modern form is the equation: 2401x* +
82320x7 — 4955664x° - 922743360x° — 12451688064x* + 2765453909760x" +
18782984630016x* — 2558300039838720x + 14099791755591936 = 0. (C)

[ 6 ] Let the diameter of the circular pond be d,, jie chi xian c,, and jie chi shi v,.
From the gou gu ju yuan cai method in The Nine Chapters of Mathematical Procedures,

we have ¢, =Jd§—- (d, - 2v,)?%- (G)
[ 7 ] The difference between the arc and the chord of the circular pond( C ) The jie

chi zhou is the interior arc of the land in the form of a section of a wheel L,. From Shen
Kuo’ s hui yuan method, we have the jie chi’s zhou xian cha , thatis, L, — ¢, = —zdbz- .
From it we can have the interior arc of the tract of land in the form of a section of a wheel.
And from note 4 we can have the exterior arc. (G )

[ 8 ] The altitude of the segment of the outer circle C ) The shi and xian of the hu
tian that is cut from the circular tract of land are called tong shi and rong xian. Use ¢, for
tong shi, and v, for tong xian. Then,v, = v, + d. (G)

[ 9 ]The difference between the outer circle and its chord.( C ) Again from Shen
Kuo’s hui yuan method, we have zhou xian cha of the outer circle of the land in the
form of a section of a wheel. Thatis, L, - ¢, = 2?*"2— (G)

[ 10 ] The chord of the segment of the outer circle. (C) ¢, =L -(L -¢ ) (G)

[11] Thebajingis-é—{cl -¢,). (G)

-y
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MRHE 1w

1.
[[RxX)
SABRIER—T/NAATHARE. Rz: IHEAHWNA, KA
Z-t AN BAB K=, HIOKME=F =70 e SRILE?
EE: —+<H.
ARE: ARIT—HEHERT, MERZ ., B—-TFT/NEHEE, AHtE
HHMF, ZHIMEE, EHFZ, 2 BEERTF R, —E
H¥. KKH#EF: SXTT—H=FAKF, WBKZ. BA\FTNEN
L, AT, ZH5—T=MNEE, CAINE, 7
Z, B B=AKF—TH1. m—EfB%, &k,

[ER]
[1]iCHEn, UASGE, BE-HER—n - | HRTFREEE, It

BI:nox 64+ 0 n(n—1) x7=1864; LIKHGE, ARZAER—Ln -1
HIRFH=FE, LB [0 (e 1) x64+L(n-1)n(ns1) x7] x3
= 40392, (%)
[2] FHRMBRTGEN : 3157 +674x - 1800 = 0, (B)
[3)kREHZ", FLMY & {F “RE", BLE. (B) FHFRWHRE
RAH: 72 + 21322 + 590x - 80400 = 0. (FK)

[ 4 ] BB B BACIE AT -

n[ 128 + ;n -1)7] = 1864 E T + 121n - 3728 =0, Bl (n - 16)(7n

+233) =0, Filhn = 16, (&)
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Ru Xiang Zhao Shu ( Men Summoned
According to Need )
5 Problems

1. The government called some workers to build a dike. On the first day there
were 64 men but the number of laborers was increased each day by 7. The

total number listed was 1864. The food paid to each laborer was 3 sheng per

day and the total amount paid out was 403 dan 9 dou 2 sheng. ') Find the
number of days they spent on the work. |
Ans. 16 days.
Process. Let the element tian be the base of the jiao cao pile ( pile of hay ).
From the statement we have 1800 for the negative shi, 67 % for the positive
fang, and 3% for the positive yu, a quadratic expression' 2 ‘whose root, 15,
is the required base. This value increased by 1 is the number of days spent

on the work.  Solving according to the given amount of rice we let the

element tian be the base of the san jiao ( triangular ) pile. From the state-
ment we have 80400 for the negative shi, 590 for the positive fang, 213 for
the positive /ian, and 7 for the positive yu, a cubic expression (3] whose
root, 15, is the base of the san jiao pile. This value increased by 1 gives the

number of days required. '*]

[ Notes ]

[ 1 ]Let the number of days be n. As far as the number of the workers is concerned,
we have a jiao cao pile with n ~ 1 as a side of its base since the second day, that is,

nx 64+ Ln(n-1) x7 = 1864, As far as the amount of food is concerned,

2!
we have a san jiao pile with n — 1 as a side of its base since the second day, that is,



BEHIIER

B

[ &)
AR THEE1864AEAR, RE: F—BRMAA, AX 0K, &
B%7A, #AHA K3, (EKA0369F27, F: HRBA
%7
%£.168,
K. BEA—AFERTF, Aotk KL, 53] -18004 %A,
m%%ﬂmﬁﬁﬁﬁ%ﬁﬁ%&ﬁ%ﬁ,%%ﬁ,ﬁﬂii&%w
kR, mI#ABHE, RXEAKBK: EXRAL—AZART, A7
kKM, 125 —80400 HF XA, 590 A — KA MK, 213 KA
AN, TAHRERAAARK, Fix, BEZARTISA, W1, HE
B3k, FEPTF,

2.
[ "]
AHERRTES V) BE, MBRFENR, KAFEEEZ R EBA
H%ﬁ#ﬁ:ﬁoﬂﬁﬁm$ﬂﬁﬁ+ﬁk,iﬁ:ﬁ#?ﬂ+ﬁ&“
fa]. #KJLH?
8. —1FEH,
RE. TRIG—HEMAKT, WERZ, BLFZARETAHREE,
t+E%Mﬁ,:+—%&%,:%&ﬁ,iﬁﬁ25”ﬁzﬁﬁ?
A B E ¥, BRBERE: EXT—AZMEIRT,
mEsR ., BAANT/NEILHARNESE, “HETANRIAE, Lt
TN LR, —+ANATEE, — WA, ZRFFZ, B
—JEF—+=A. MZBIHE. &Fl.

[FE]
(1] &7, ¥4, 62, 87, 1025 (BK)



[ln(n+1) x64+%(n—l)n(n+l) x 7] x3=40392. (G)

2!
{ 2 ] The expression in modern form is the equation: 3-%-.13 + 6?%x — 1800 = 0.

(C)

[ 3 ] It is unnecessary that Luo Shilin changed the character zhe of mi giu ri zhe into
shu yue. { G) The expression in modern form is the equation: 7x* + 213x? + 590x -

80400 = 0. (C)

[ 4 ] The solution in modern form is as follows:

n[128 + (n-1)7]
2
(n—-16)(7n + 233) = 0. Therefore,n = 16. (C)

= 1864 or 7n* + 121n — 3728 = 0. That is,

2. The government summoned an army according to the ping fang!'! progres-
sion beginning with a square whose side was 4 the first day and increased it
each day by 2./2) The pay of each soldier was 1 liang 2 gian per day. The total
number summoned was 4956 and the silver paid out was 26040 liang. [*'Find
the number of days since the summons was sent out.
Ans. 14 days.
Process. Let the element rian be the base of the san jiao pile. From the
statement we have 7356 for the negative shi, 73 for the positive fang, 21
for the positive /ian, and 2 for the positive yu, a cubic expression{4 whose
root is 12. This number increased by 2 is the required nuﬁlber of days since
the summons was sent out.  In solving from the amount paid out, let the
element tian be san jiao luo yi di zi. From the statement we have 64896 for
the negative shi, 236 for the positive fang, 95 for the positive upper lian, 16

for the positive lower lian, and 1 for the positive yu, an expression %! of

I %009 pu
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(2] IBEE, VIBZHTE4R, WAKZ 2R, #KFAHEE, A,
= A A A

1 2 3

¥IH 4, HFHTE: =16

20

KHFHZE 2 6’ = 36 8
28

ZHHHEZ?2 82 = 64 8
36

PUH AT 2 10? = 100

A, A, ASRIELE, PE TE, TERHSE, ZIE-ITZHHEER
B, REERMARBEELR, n HILHER- S (n) A

f(n) =ML‘:]+%(M-1141'1.dz+?3\!?(n-2)(4!:—l)n.ﬂ3

=nx 16+ 4 (n=1)nx20+35(n-2)(n=1)nx8 =495, ()

(3] “—FA-4” BN 127, LUREGE, DB HZEE A m, BHBECN.

g(n) = [%n(n+l}dl+§1!~(n—l)n(n+l) .ﬂz+al!-(n—2)(n
-1)n(n+1)A,lm= [%n(n+l) x16+%(n-1)n(n+l) x 20 +
%(n_z)(n-l)n(n+l} x 8] x 1.2 = 26040, (58 )

(4] FHRBIARIERF: 28 + 212 + 73x - 7356 = 0, (BK)
(5] FHRMTATERN: » + 168 + 952 + 236x — 64896 = 0, (BF)

[4iF]
ARERERETFFRRBE, F—OHRIBIR, AF —BRER $
IR, BARELRH24K, BLBELS6A, X4R26040 7, Fl: 18
EBAZ)?

%: 148,



the fourth degree whose root, 12, is the san jiao luo yi di zi. This root

increased by 2 gives the required number of days.

[ Notes ]

[ 1] Square, the series, 42, 62, 8%, 102 ---. (C)

[2] According to the statement, we know that the side was 4 thé first day and in-
creased each day by 2 in a ping fang progression. Namely,

difference A | A, A,

the soldiers summoned according

to the ping fang progression and

the side on the first day was 4:

4* = 16
20
the side increased by 2 on the
second day:
6% = 36 8
28
the side increased by 2 on the -
third day:
8 =64 8
36
the side increased by 2 on the
fourth day:
108 = 100

A,, A, A, are the first difference, second difference, and the third difference
respectively. All the third differences are equal. And this is a problem of the er jie zhao cha
( method of finite or divided differences in two degrees ). According to Zhu Shijie’s for-

mula of zhao cha, the number of soldiers summonded within n days is as follows:

H#OOE.
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K: REA—AZART, Adofrd ik KL, 53] -7356 4 F HOR,
TBA—RREZH, 20 KRER, 2ARGRAZYK, F1F, #
HZARFI2A, 22 B %K, URBEBH: BXAL—HZAH
B — KT, Akt F kKL, 153] —64896 A F KA, 236 H— KA
A, O5SAKRMER, 16 AZKRAEAMK, 1 ARBHKRARY, o
ko, REZAB—RF 124, W2, 2B, FEFFE,

WEEHAIE I

Bl

3.
[Rx]
SR EIMKBEIFRABE, WHIME—+ 2R, KESMEAEEAR N F
ANBEXNFA., SHEFLEEA, SOKABE=1+—8 "2 [ #
kJLH?
%XEH: —tHH,
ARE: MRIT—H=AKF, WBRZ, BUTNATNU+ A=K,
P+ AR F, — A, — AR, ST, B R=RKT
—+=A MZBIE¥K. KRBARH: XXIT—H=AE KT,
WMBRZ . BT NBEZTAMEE, ZAa TN, —AZ
+—AM LB, — T /\HATHR, — AR, =RFG5HFZ, 8=
E—RKF—+=1 MZAER. §M.




f(n) =ndl+§lT(n—l)nd2+%(n—2)(n—l]nd3
=nx16+%{_n-l)nx2{]+§lT(n—2)(n—1)nx8=4956. (G)

[3]!:‘iang2qian 1s 1.2 fiang. As far as the amount of silver was concemned, and m
was the amount paid out every day, the total amount of silver was

gln) = [%Tn(n+l) d|+§lf(n-1}n(n+l)dz+zl!—(n-2)(n
—l)n(n+l)dj]m= [%n(n+l) :-<16+-§L!{n—'1)n{n+l) x 20 +
(n-2)(n-1D)n(n+1) x8] x 1.2 = 26040. (G)

[ 4 ] The expression in modern form is the equation: 2x* + 21x? + 73x — 7356 =
0. (C)

[ 5 ] The expression in modern form is the equation: x* + 16x* + 95x* + 236x -

64896 = 0. (C)

3. The government summoned soldiers for public affairs according to the yuan
jian shu progression. The circumference of the first round was 12 and each
succeeding circumference was increased by 6.1 Each soldier received for
his ration 4 sheng of rice. 4905 soldiers were summoned and 931 shuo 2 dou

of rice were paid out.!* Find the number of days since the summons was sent

out.
Ans. 15 days.
Process. Let the element fian be the base of the san jiao pile. From the
statement we have 4849 for the negative shi, 48 for the positive fang, 12
for the positive lian, and 1 for the positive yu, a cubic expression' > 'whose
root, 13, is the required base. This root increased by 2 is the required num-

ber of days since the summons was sent out. In solving from the amount

H#WE.
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[E%E])

(1] ICEEFAMNE . BEHINR1, S, B ( HE L AREREDE) BgE.
=ﬁ#l+6“+laﬁﬁﬁ@ﬁﬁﬁﬁ,HMILH,KE@H?GH,%W:

Bl WHNEE

=
A, A, A,
PIHRK 12, ﬁ?lﬁlﬁﬁ‘fﬁ:fi(lhﬁ) x12+1=19
18
KHHEZE 6 L (18+6) x 18 + 1 =37 6
24
ZHFEE6 1—12(24+6)x24+1:61 6
30
A FHEZ 6 é(30+6)x30+1=91

A, A, A GHIREE, %, T, FTEENS, XGWR—HHE
AR, RIERIEAIIEEAR, n BIHBEES (n) K

f(n) =nd!+%(n+I}ndl+%(n—2)(n—1}nd3

=nx 1945 (n-1)nx18+L(n-2)(n-1)nx6=4905, (¥)
[2] LOK¥GE, WCEBHKm, SXKBH:
gu)=[%nuuw)a,+%(n-nn(n+nzh+ﬁwn~m(n
D+ 1) A dm=[Zn(n+1) x19+3(n-Dn(n+1) x18+
L(n-2)(n-1n(n+1) x6] x4=93120. (%)
(3] FHFRBBRTER N 2 + 120 + 48x — 4849 = 0, (BK)

[4] FHFXWIRTER A » + 18x° + 121x% + 328x — 92820 = 0, (Bk)

[ 4% ]
SHERBRERFRBE, F—aRBSIR12R, AF-—ARER %
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of rations, let the element tian be the base of the san jiao luo yi pile. From
the statement we have 92820 for the negative shi, 328 for the positive fang,
121 for the positive first lian, 18 for the positive lower lian, and 1 for the
positive yu, an expression (4! of the fourth degree whose root, 13, is the

required base. This value increased by 2 gives the number of days.

[ Notes ]

[ 1] Let the circumference and the total number of the yuan jian ( round arrows-

bundle )be / and S. From Yang Hui’s yuan jian method in the Tian Mu Bi Lei Cheng Chu

Jie Fa, we have § = L (I +6) 1+ 1. The problem is concerned about soldiers sum-

12
moned by yuan jian shu, and the circumference of the first round was 12 and each succeed-
ing circumference was increased by 6. That is,
difference 4, A4, 4,
the first round was 12, and summoned soldiers

according to yuan jian shu:

1 _
12(12+6) x 12 +1 =19

18
the second round increased by 6:
1—12(18+6}118+I=37 6
24
the third round increased by 6:
%(24+6)x24+1=6l 6
30
the fourth round increased by 6:

L(304+6) x30+1=91
A, A, Aare the first difference, second difference, and third difference respectively.
All the third differences are equal. And this is a problem of the er jie zhao cha ( method of
finite or divided differences in two degrees ). According to Zhu Shijie’s formula of zhao

cha, the number of soldiers summoned within n days is
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6 Ko BMAHAL 4, CHEI05A, £4XK931#H23, F: 8XH
AZD?
%: 158,
R REA—HZART, Aofi kR, 53] -4849 4 F XA,
A8 A — KRB, RAZKRAEZH, | ARBHRAZE, 17, %
B=ZARFI3AN, m2#kRABHK., AKRKBK: BRRA—HZA
F— KT, AR F kKA, 175]-02820 4 F A, 328 A — KA
B3, 120 A=k M A%, ISHZKRREAHR, | ARFHKRAZEK, F
WRkF, FE=ZAE—RT 134, w2, AR BH, FEHF,

4.
[FEx]
AHERARENBE, MBTELR, KEFHfEE R,V GAAS
K=F, KEHELZ=T, DB -FUEN+A, KNTFNE L+
=3 =Ft, 20 @ HWEJLA?
%H: —FHH,
RE: YRT—H=AKTF, WBRZ., B—ANTF At +mHiE
S, TEHEF=RAT, S FIUIARE, AR, LI, 18
SAKRF—+EA. MoHHES.  KRARE: SIRT—HEMAR
KT, MRz, BRET=aA~tthAlRTha = +ha%, th
STF=AAFARMG, SAATELE=STEAINEE, tTLER
M, CERENATEE, — AR, R, 8=

FRME T — =4 MEP AR, A,



f(n) =nA|+§l-!-(n—I)nd2+-3l—!{n—2)(n-l)nd*

=nx19+%(n-l)nx18+§1T(n—2)(n—1)nx6=4905. (G)

[ 2 JAs far as the amount of rice was concerned, and m was the amount rice paid out
everj' day, the total amount of rice was
g(n) = [—ZITH(H+1}dl+%{n—l)n(u+1}d2+-;—!(n—2)(n
~1)n(n+1) A, ]lm= [%n(n+l) x19+%(n—l)n(n+l) x 18 +
Ln-2)(n-1)n(n+1) x6] x4=9120. (G)
[ 3 ] The expression in modern form is the equation: x* + 12x* + 48x — 4849 = 0.
(C)
[ 4] The expression in modern form is the equation: x* + 18x* + 121" + 328x -

92820 = 0. (C)

4. The government summoned men for the army and they came each day
according to the ping fang progression. On the first day a side of the square
was 5. On each succeeding day the side was increased by 1.:!) Each soldier
received 3 sheng of rice the first day and 3 additional sheng on each succeed-
ing day. Finally 2440 men answered the summons ﬁnd the rations paid out
were 4477 shuo 3 dou 2 sheng‘*' Find the number of days.
Ans. 15 days. o

Process. Let the element fian be the base of the san jiao pile. From the

statement we have 14274 for the negative shi, 253 for the positive fang, 39

for the positive lian, and 2 for the positive yu, a cubic expression'* whose

root, 13, is the required base. This root increased by 2 gives the required

number of days. For solving from the amount of rations given out, let the

element tian be the base of the san jiao lan feng pile. From the statement

we have 53674920 for the negative shi, 73386 for the positive fang, 36735
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L
| (i)
L
a5 LU HOFTHE, Bl E, . F=24, 4,, A,
i = A, a4, A4,
VIH S, %¥EHHE: 52 = 25
11
XHAFEZ 1 6% = 36 2
13
=HFHZ 7% = 49 2
15

PUH 77 HZ 1 82 = 64
A, A, A SHIR2S, 11, 2, KGR BHEERE, KIERLAN
RELR, n BHREHS (n) K

f(n) =nd +—(n*l)nd +—(n—2](n—l)nd

=nx25+—2—!-(n-l)n:-cll+-?T!-(n-2}(n—l]ux2=24d0qfﬂi)

(2] AR, WHEBEG, YN HEER, FETEN S = 25, 6
=36, 7 ~6"=13, (8 -72) - (7* - 6®) =2, 45IFLL 1, 2, 3, 4, 18F]25
72, 39, 84N LEFEA , Z“EA, =ZFEA, TEA, WIKEREAGBEAR,
R ISR () B8 () = [Ln (e ) 4+ L (n-Dnns1) 4,
+-—(n—2)(n-1}n(n+l)d +——(n—3)(n-—2)(ﬂ-l)n(n+l)
A,] x3=149244 x 3 = 447732, ($§)

(3] AHFREIATER R : 27 + 392 + 253x - 14274 = 0, (Pk)

[4] FHROBRARTERR

24x> + 705x* + 7950x° + 36735x% + 73386x — 53674920 = 0, ( Bk)



L
35
for the positive upper lian, 7950 for the positive second lian, 705 for the ;5
positive lower lian, and 24 for the positive yu, an expression' * ‘of the fifth 3
degree whose root, 13, is the required base. This root increased by 2 gives %
the required number of days. iy
=
c

=
[ Notes ] 3
=

2

[ 1 ] According to the ping fang progression, one first calculates the first difference

A, the second difference A, and the third difference A4,:

difference 4 A, 4, o
£ o
the side was 5 the first day, and i =
22 =
according to the ping fang ¥ :
progression: 52 = 25 .
X
11 -
]
.z s &2
the side increased by 1 the pek
second day
6’ = 36 2
13
the side increased by 1 the
third day
7* = 49 2
15
the side increased by 1 the
fourth day 1
82 =64

A, A, A are25, 11, 2 respectiyely. This is also a problem of the er jie zhao cha
( method of finite or divided differences in two degrees ). According to Zhu Shijie’s for-
mula of zhao cha, the number of soldiers summoned within n days is
fr)=nA +&(n=~1)nd,+3(n-2)(n-1)nA4,
=nx25+h(n-1)nx1l+55(n-2)(n-1)nx2=240 (G)
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[ 4iF )
ARERERETFRE, P—OBBFIBSK, A% —akEH %1
Ro BAEHEBSK3I, AF —BRFOHMI;, SRE2440A, £
K44TT A3+ 25, 9 BEA A SV
A. 158,
K: BRA—HEZART, AT ERAM, 53] -14274 HhFH
M, 253 —KAEH, 394 kALK, 2ARBAAEK, 3
F, R ZARTI3A, W22 M, ARHEKBHK: BRAL
— A Z A RERT, AR kKM, /53] -53674920 A WA,
73386 3 — K £ 3, 36735 4 KA A $, 7950 4 = KR &, 705
HAYRAZIK, 4ARKFBRAEZE, TR, F5 =4 RHRT13
Mo #o2, AR, HEHE.

5.
[ "3 ]
AHBEAMKIFRE, VHFE=R, WHE %L —R. 8AH X8
THAETX, EB-A=ZFTHWAA, XBEZA=THAENTH, [:
Ak JLE?
%H:. —+HH,
ARE: MRTT—H=MAE—IRT, WFRZ, BT -FELA=1N
HESE, NAATHERE, —BAT—NALERE, =+ AT,
—RIEE, =R®KFFZ, V) B=A%KF—T 4. M=BIHZEG

BoRAARR: IRIT—H=MAWEIRT, WHRKZ, BABEAST—
FAABHE+HEE, —ANTFZBATZAINT, AT=ZBALTIMN
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[ 2] According to the rice paid out every day and increased in each succeeding
day, this is lan feng pile. Multiplying 5? = 25, 6% = 36,7* - 6* = 13, (8 - 7?) - (T
- 62) = 2by 1,2, 3, 4 respectively, we have 25, 72, 39, 8 as the first difference A, the
second difference A,,the third difference r.‘l], and the fourth difference 4,. According to
Zhu Shijie s formula of zhao cha, the total amount of rice within n days was as follows:

gm) = [Lnns D) a v Li-Dn(ne 1) 8,4 -2)(n

3!
—lJn(n+l)d}+%(n—3){n—2)(n—l]n(n+l)d4} x 3 = 149244

-
¥

x 3 = 447732. (G)

*,
o3

> MSTHY)

[ 3] The expression in modern form is the equation: 2x* + 39x* + 253x — 14274

=0. (C)

-
2
e |
=
=3
e
e}
gy
]
s
.\I!’-é
pr. 2
-

[ 4 ] The expression in modern form is the equation: 24x° + 705x* + 7950x% +

L
e

1‘!

36735x% + 73386x — 53674920 = 0. (C)

5. The government summoned men for the army according to the li fang pro-
gression beginning on the first day with a cube whose side was 3 chi. On each
succeeding day the side was increased by 1. The pay of each soldier was 250
cash per day. The total number summoned was 23400 men and the money

paid out was 23462000 cash. Find the number of days since the summons was

sent out.
Ans. 15 days.
Process. Let the element tian be the baée of the san jiao luo yi pile. From
the statement we have 92736 for the negative shi, 660 for the positive fang,
181 for the positive upper lian, 22 for the positive lower lian, and 1 for the

positive yu, an expression '] of the fourth degree whose root, 12, is the



EBE, —FE+HAIN_EE, LT AN=FE, =NIERE, WUFHH
Z, P BEABERTF—1T =4 =B B ®m: SREIFHE, B
WHE=R, WRFEREE—R, BE0E. S8 Y. BABX&-HE X, M.
HEREHREILF? BE: E-F=TNEA, B-A=THEA =R, RE: R
EE-+E, ZE£=1++t, =E="+mW, FEADP KEHE: SHBMLEHE. X5 —
HEHRTH, HoH, VSRR -NERETH, H=8, OB = a%—, %
TR, UEERER, MAHZ, BHEKE.)  REXEEF: USENEER, X L.
U4 E—H=RRFR, HoM, LSRE =A%, H=R, XSRR=N=
AMER, HFH. UEERER, MEFF2, Fil, XEHLERZ, BEXEIK

tE“:‘ (s] %I‘njﬂ

Bk WHIIEE

[ %]
(1] FARHBRIE R, ¥ + 227 + 18122 + 660x — 92736 = 0, (P& )

[2 ] FHFANBRIER R
3x + 90 + 1075x° + 6390x* + 18362x — 5610840 = 0, ( Bk )
‘ (3] %&HBLE. =, =. F£4,, 4,, 4,, 4,
450 = A, A, A, A,
VIH 5 3, $&L . 32 =27

| 37

KHATHEZE ] 4 = 64 24

61 6
ZHHEZ I 5 = 125 30

91 6
UHAEZ 1 6 = 216 36

127 6
AHAHEZEI] 7* = 343 42

A, 4, A, AJrHIR27, 37, 24, 6 FIKEMS, BOVNKHE. (%)

3}



required base. This root increased by 3 gives the required number of days.

In solving from the amount of money paid out, let the element tian be
the base of the san jiao sa xing pile. From the statement we have 5610840
for the negative shi, 18362 for the positive fang, 6390 for the positive up-
per lian, 1075 for the positive second lian, 90 for the positive third lian,
and 3 for the positive yu, an expression (2! of the fifth degree whose root,

SUMOUU( N0 8y} JO Jm.lgq eper:.

12, is the required base. This root increased by 3 gives the required number

of days. Note. Conversely: If the government summoned men for the army according

to the li fang progression beginning on the first day with a cube whose side was 3 chi

f
a3

and increasing the side each day by 1 until it was 135 chi, the pay of each soldier being

SolSSYid

250 cash per day, what was the total number of soldiers summoned and what the amount

=
=
T
bt 7
::_‘ %

of money paid out?

Ans. Soldiers summoned, 23400;

-r
-

ISINRHC

money paid out, 23462000 cash.
Process. Find the first difference 27, the second difference 37, the third difference

24, and the fourth difference 6 (3% then call the number, 15, which is a side of the last

cube, the first sum ( _F#7 ); the sum of the jiao cao pile whose base is 15 less 1, the

second sum ( —#R ), the sum of the san jiao pile, whose base is 15 less 2, the third sum

451

( =), and the sum of the san jiao luo yi pile, whose base is 15 less 3, the fourth sum
( F#4). After multiplying each sum by the corresponding difference, add the products
together. The result is the number of soldiers summoned.'*)  To find the amount of
money paid out, take the number 15, which is a side of the last cube, for the first sum; the
sum of the jiao cao pile, a side of whose base is 15 less 1, for the second sum; the sum of
the san jiao luo yi pile, a side of whose base is 15 less 2, for the third sum; and the sum of
the san jiao sa xing pile, a side of whose base is 15 less 3, for the fourth sum. After
multiplying each sum by the corresponding difference, add their products and multiply
by the amount paid out per day. The result is the total amount paid out !*..

[ Notes ]
[ 1] The expression in modern form is the equation: x* + 22x* + 181x + 660x —
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[4] 3%, 4, 5, @58E
27, 64, 125, 216
37, 61, 91
24 30
6

d =27,d,=37,d =24, d =6

158 LR, S,

14 REERIRT, BAZARKT, RI=AE TFERET

111:;5 105, 5, < 1311415 oo

1-2-3
S4=12'13'14'15=1365D
1-2-3-4
Sd =15 x 27 = 405

S =15, §, =

Sd, = 105 x 37 = 3885

Sd, = 455 x 24 = 10920

Sd, = 1365 x 6 = 8190

23400,B0f#%. (BR)

KERUANBEARX, n BXHEEB S (n) A

fn) =nA +k(n-Dna,+31(n-2)(n-Dnd 455 (n-3)
(n=2)(n-Dnd,=nx27+k(n-1)nx37+3;(n-2)(n-1)nx
24+31-!-(n—3)(n—2)(n— 1) n x 6= 23400, (%)

[5]ieEH X m, KIBRHAMAZEAKX, n HIZEB e (n) K

g(n) =[Ln(n+1) .ri,+~31—!(n-l}n(n+l)d2+$(n—2)(n—
D+ A +L(-3)-2)(n-Dnlns1) a,]Im= (9 (n
+1) x27+37(n=1)n(n+1) x37T+5:(n-2)(n-Dnln+1) x

24+~51;(n—3)(n—2)(n-—l)n(u+1) x 6] x 250 = 23462000, (%F)



92736 = 0. (C)
[ 2 ] The expression in modern form is the equation: 3x° + 90x* + 1075x* + 6390x?
+ 18362x - 5610840 = 0 (C)
[ 3 JFirst calculate the first difference A, the second difference A, the third differ-
ence 4,, and the fourth difference A,
difference A

the side was 3 the first day, and

according to the li fang
progression: 3 =27
37
the side increased by 1 the
second day: 4 = 64 24
61 6
the side increased by 1 the
third day: 5 = 125 30
91 6
the side increased by 1 the
fourth day: 6* = 216 36
127 6

the side increased by 1 the
fifth day: 7} = 343 42
A, A, A’ 4, are 27, 37, 24, 6 respectively. All the fourth differences are equal. So
this is the si ci zhao cha problem. (G )

[4] 3, 4% 5, 6r
27, 64, 125, 216

37,61,91

24 30

6

d =27,d=37,d =24d, =6

HXUOE.
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[ 4% )

SEERERBELFRE, F—AERFEHIR, g 04580 51

Ro BAHH 4250, ©IBE 23400 A, 48234627, Fl: BE

B4 %07

£ 158,

K: BEA—HZAZ—RT, AfmHExRLEL M, 53] -92736 4
THA, 660 H—KRAAMK, 1ISIA=KARYK, RA=ZKF L H%, 1
ARBRAGE, FORF, FR=ZAF KT 124, m3# AR
K, AREBEELBHER BEXA-HZAMERT, AdoRFERL
. 1$3] —5610840 % R, 18362 H— KM A, 6390 4 = KA
A, 1075 AZKRAAMK, 90 AW ATAAK, 3ARSHTRALZK, F
BRF, FEZAMERT 124, M3, KA BH, HAR: TRIER
IFBE, FAHBFEIR, AP HERED S 1R, AAMRABEL,
RAERBISH, BAFALR20X, F: BEERIBEAHASY? % BE
23400 A, £4823462 % . K. ARKFLE27, —£37, =£24, TA6. X
BEK AEBEIRALR, XAEBEORBIALERTR, SR, X
NEREAHB2AHAZARTR, HEZHR, IALABEARAIAZAZE R,
ATH, ASEREMR, wWiidah, HAEBEHK, KLBH: AREBER
BAHEER, ALR, AAEBEARE I HZARTR, AR, LREBE
HEB2AZAFE R, AZR, LALBEOHBIAZAWMER, AT,
A% £ RS, wiiiai, i, B2 B LEHORZ, wFIELBH HE
Fir e .



15 is the first sum or S
14 a side of the jiao cao pile,
13 a side of the san jiao pile,

and 12 a side of the san jiao luo yi pile.

13 -14 - 15

= 455,
1-2-3

S, =155 =413 _ 105 5, =
-2
1-2-3-4
Sd = 15 x 27 = 405

171

%

Sd, = 455 x 24 = 10920

Sd, = 1365 x 6 = 8190

23400, Ans. (C)

According to Zhu Shijie' s formula of zhao cha, the number of soldiers sum-
moned within n days was f(n) =n 4, +§I!-(n— l)ndz+-§l—!(n—2)(n— 1)
nA,+d(n-3)(n-2)(n-1Dnd, =nx2T+3(n-1)nx37+3(n
~2)(n-1)nx24+5:(n-3)(n=2)(n=-1)nx6=23400 (G)

[ 5] Let the amount of money paid out every day be m. According to Zhu Shijie' S
formula of the method of finite or divided differences, the total amount mony paid out in
ndayswasg (n). Andg (n) =_[§1-!n(n+ 1) 4, +%(n— 1)n(n+1) 4, +
L-D-Dntnr1)a,+d (n=-3)(n=-2)(n=1)n(n+1)
Adms= [%n{n+l}x27+§1—!(n—l)n(n+l}x3?+%(n—2)(n-—

1)n(n + 1)x24+%(n—3){n-—2)(n-1)n(n+l}xﬁ] x 250 = 23462000.

(G)

IHWOE.
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wAEE XTF
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1,
[ X )
A EZRRRTF I, BB R H 1. % AL EBR—X,
KTREG BRI —, (1 /: EFEE/LA?
IENE S
ARHE: SLKTT—AHGEET, MBRZ . B=F—F BN+,
FRMFT, WA B, — IR T, =B, =RHTF
2,0 BEEET. &,

[E%)

[1] SRR TZAR: S, = Za7i G+ 1) =gn (n+ 1) (n+2). W
=ARMETRARL LS EFHET RS, RELEREE T A 0, AER
d, MKMHABARRIARHS, =3 i(i+ 1) [a+ (i+1)d] =gin(n+1)
(n+2)[3dn + (4a - 3d)), WRlHa =2, d =1, Mitkn 2= MRORYR: 757
(n+l}(n+2)[3xllxn+ (4x2-3x1)] =1320, (%)

[2] FHRAILTER R, 3¢ + 1423 + 2122 + 10x - 31680 = 0, (PBK)

[&iF]
AE—FZARETF, 4R 1T320L, RELA—AMEL2X, AT
—BH—EBEAK 11X, Fl: RTHHEE IA?

Z: 9%



BOOK Il
Guo Duo Die Cang ( Piles of Fruit )
20 Problems

1. Apples are piled in the form of a triangular pyramid and the price of the
whole is 1320 cash. The top apple is worth 2 cash. Each apple in a layer costs
1 cash less than an apple in the next layer below.!!! How many apples are
there in the pile?
Ans. 9.
Process. Let the element tian be the number of apples in a side of the base.
From the statement we have 31680 for the negative shi, 10 for the positive
fang, 21 for the positive first lian, 14 for the positive last lian, and 3 for the
positive yu, an expression !?! of the fourth degree whose root is the re-

quired number.

[ Notes ]

[ 1] The sum of the former n terms of the pileis §, = g% ii+1) =%n(n +
1 Xn+2).Itisasum pmblémtomultiply every term of a pile in the form of a triangular
pyramid by every term of an arithmetic series in order. Let the first term of the arithmetic
series be a , and difference d. The sum formula used by Zhu Shijie is as follows: § = gf
(i+1)[a+G+ 1)d] =.£{.!n (n+1)(n+2)[3dn + (4a - 3d)] In this prob-
lema =2, and d = 1. Then the price of the whole for the pile with n layers is %!n( n+
D(n+2)[3x1xn+ (4x2-3x1)] =1320. (G)

[ 2] The expression in modern form is the equation: 3x* + 14x* + 21x* + 10x -

31680 = 0. (C)

HW.
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gk HEHIIE N

K: BEA—HZALHAERTFE—F, AT ELALH, 535
-31680 H FHA, 10A—KRAEZK, 21 h = RA R, 14 A= KR
¥, 3AHRBAMEEK, Fuky, RENEEETF. HFOP9E,

2,
[ B )
AANMAHE ) RF—F, HE—R=EATHEX. A5 KFEIE
B3, WEREEABH, [ KTFEE I

EL LA

RE: uRT—HBERT, WRRZ, BAT—E A+ NEE, —
M, TR LR, AT, —NER, SRIFZ. A,

[ %)

(1] VOASRATn M2 AR: S, = 3 x i =kn (n+ 1) (20 + 1), BRI
B TRK TR S 2B TR AEIE , REEBIAKT N b, A%Nd, Mk
HAME AR S, =§IF (b~ (n-i)]d) =%n (n+1)[(2n+1)b-
An = 1) ndls WRIBETD = 1, d = -2, Wi n BRAROBIGE: Ln (n +
D[(2n+1) x1-5(n=1)nx (-2)] = 1365, ()

[2] FHFRBIRERXN: »* + 27 + 22 + x - 8190 = 0, (BE)

[ 6% )
SH P AR, k1365 X, RAERTFH—MEL X, A
E—BW—EEAK2X, B RTFOHEGS VA0
5. 94,
K BEA—AWARF @O RT, AdefRr kKL%, 53 -8190



2. A pile of apples is in the shape of a pyramid ' 'whose base is a square. The
cost of the whole is 1365 cash. Each apple in the bottom layer is worth only 1
cash. Each apple in the next upper layer costs 2 cash more than those in the
layer below. Find the number of apples in a side of the base.
Ans. 9.
Process. Let the element rian be the number of apples in a side of the base.
From the statement we have 8190 for the negative shi, 1 for the positive
fang, 2 for the positive first lian, 2 for the positive last lian, and 1 fnf the
positive yu, an expression (2! of the fourth degree whose root is the re-

quired number.

[ Notes ]
[ 1 ] The sum of the former n terms of the pile is §, = g,i X i :%n{n +1)(2n+
1 ). It is a sum problem to multiply every term of a pile in the shape of a pyramid whose
base is a square by every term of an arithmetic series in order. Let the last term of the
arithmetic series be b, and difference d. The sum formula used by Zhu Shijie is as follows:
S”=gf3[b— (n-i)]d) =%n(n+ 1)[(2n + l)b—-%-(n- 1)nd]In
this problem, b = 1, and d = ~2. Then the lost of the whole for the pile with n la}crs is

31_,,,,(”),1)[(2“1) xl——%—(n_—l)nx (-2)]. = 1365. (G)

[ 2 ] The expression in modern form is the equation x* + 2’ + 2x? + x — 8190 =

0. (C)

H’IOOE.
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A% GHIEE

AFERA, 1A—KREY, 2AKAEK, 2HZXFAERE, 1A
KR AERE, Fuisy, BRENEFOAET. FE4HMH,

3.

[ B ]

SHNAETERT, MEFN+HA, ) 6 EFIUT?
BE: A\ |
RE: 3 KTE—RUAE—RT, R, BATHE A+ N3E%, =
JMNTT, FHNEHE, TN TR, —HiER, =RFFZ. 2 A,

[ %)

(1] BB: 5, = Sqm(n+1)(2n+1) =
= 540, (%)

[2] FARBBMATERR: o + 43 + 52 + 2x - 6480 = 0, (BR)

1
3! x

2(n+1)n(n+l)(n+2)

[ &)
AH s —HERT, AR5404, B KF&HE5@ S VAN
A 8 A,
R: BEA—AWAZ —HBREOG AT, AR FELLHR, 73
—GABO AR, QA —RAEK, SHZRARE, A A ZKAERK,
| AR FAFAEAK, F=4AF, REINFRGRT. FEHF.

4.
[ B )

AESARBERT, BAE=HA. 0 A, KT
BEL A

=
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3. The number of apples in a pile of a si jiao luo yi form is 540"} Find the
number in a side of the base.

Ans. 8.

Process. Let the element tian be the number of apples in a side of the base.
From the statement we have 6480 for the negative shi, 2 for the positive

fang, 5 for the positive first lian, 4 for the positive last lian, and 1 for the

e
-
o
7
&£
o
£

|~
e
-~ |
=
s
s
o
-
| e ]

positive yu, an expression [2’ of the fourth degree whose root is the re-

quired number.

i)
L]
-+

[ Notes ]

[l]Thatis,Sﬂ=i‘,§l-!-n(n+l)(2n+l)= (n+1)n(n+l)(n.+

= 3Ix 2
2) =540. (G)

[ 2] The expression in modern form is the equation: x* + 4x* + 5x* + 2x ~ 6480

=0. (C)

4. The number of apples in a pile of the san jiao lan feng form is 630. ' Find
a side of the base.

Ans. 6.

Process. Let the element tian be a side of the base. From the statement we



Adk KRHAIE N

RE: ST RTE—HZFARRT , BURZ . BETETFAEREE,
ARMIT, ZHEANER, THAINZR, = EINE, Y
W, mFRFFFZ, 2 Al

[ xR )

(1] B3 i G+ 1) (i +2) xi=grn(n+1)(n+2)(n+3)(4n+
1) =630, (¥)

[2] FHRBIRIERN: 4 + 252 + 500° + 35x% + 6x - 75600 = 0, (Bk)

[ &% ]
SH—FFERRMSEHRRET, ER630A4, Bl: AT69H5E 3 I A7
Z: 64
R: BEA—AZAREHBRERORT, AT ERXLE. F3)
—75600 A FEFA, 6 A—RKRAAEEK, 35 AHA=KAEHK, 504 =KA
A, 2SAWAKRAAK, 4 ARBHRARYE, FRAF, #F2F0
BT o HEFTE,

.
[ /R )
ASHENMAREER T, B+ AA Y [ JKFILA?
ZH: It
ARHE: SLRIT—HEMRER T, MFRZ, BZAARNTNANEBN+H
#/E, — I, — AN, —THAMATER, — ¥R
M=FE, MMIER, MREHIFZ 2 Gl
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have 75600 for the negative shi, 6 for the positive fang, 35 for the positive
first lian, 50 for the positive second lian, 25 for the positive third lian, and

4 for the positive yu, an expression! 2! of the fifth degree whose root is the

required number.

[ Notes ]

(1] Thatis,g‘,ii{i+l)(f+2) xi:ngnfn+ 1)(n+2)(n+3)(4n

+1) =630. (G)

[ 2] The expression in modern form is the equation: 4x° + 25x* + 50x* + 35x* +

)
o=
b —
&3
&
Ly
C2

-
| =~
-_
e =
RS
o
-
=
=
=
Pt
e
™r:

6x — 75600 = 0. (C)

5. The total number of apples in a si jiao lan feng pile is 448 '/ Find a side of

the base.

Ans. 5.

Process. Let the element tian be a side of the base of the si jiao lan feng
pile. From the statement we have 26880 for the negative shi, 1 for the posi-
tive fang, 125 for the positive first lian, 25 for the positive second lian,

17 % for the positive third lian, and 4 for the positive yu, an expression' 2! of



sk KEHAENR
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[ %)

(1) BB : (5 ) i=Fdi i+ 1)(2i+ 1) xi=dn(n+1)(n+2)
(8n* + 1ln + 1) = 448, (¥8)

(2] FHRBBRIER R 4° + 1?%;& + 25%° + 12%;:2 + x - 26880 = 0,
(BR)

[4i%])
A - m REHERTF, AFR448A, P RF&HHTE A
54
K BRA— A A HEBRETGRT, AdofRFERKEMR, 53]
26880 A K MR, | h—KTAAK, 1250 RAAK, 25 HZK
AR, T3 TRR AR, dARBAARK, FELF, RIFS)
HFRKT . FHE9E,

6.

[ R3]
SHEZARBEEERT, BUvaZ+m4. U F: JRTILA?
EE: £t1.
ARE: AXTC—A=AMEEE KT, WBRZ. BATANATRT
“ANTREE, —BEZ AN, AL TN LERE, A2+
TR, NTHAN=RR, — T ONNIEE, —NIER, Ti3RTy
.12 gl

[ 8]

(11080 230G+ D G+2)+3)(+4) =gn(n+ 1) (n+2)

(n+3)(n+4)(n+5) =924, (¥)



the fifth degree whose root is the required number.

[ Notes ]

[1] Thatis,En,(ij'?)-:':__"%i(iwt 1)(2i+1) xi:%n(n+ 1)(n+2)

i=1 j=1

(872 + 1ln +1) = 448. (G)

[ 2 ] The expression in modern form is the equation: 4x° + l'?%x“ +25x + 12% x?

+x-26880=0. (C)

6. The total number of apples in a san jiao sa xing geng luo yi pile is 924
Find a side of the base.
Ans. 7.
Process. Let the element tian be a side of the base of the san jiao sa xing
geng luo yi pile. From the statement we have 665280 for the negative shi,
120 for the positive fang, 274 for the positive first lian, 225 for the positive

second lian, 85 for the positive third lian, 15 for the positive fourth lian,

and 1 for the positive yu, an expression. ! of the sixth degree whose root is

the required number.

[ Notes ]
(1] Thatis.ggl!-i(i-i-l)(i+2]{i+3)(:’+4) =én(n+l)(u+2)

SUMOLDJUN INO4 B JO Jmﬁqm%.




N
X
% [2] FHREEARTER F: 25 + 15x° + 85¢% + 225x° + 274x* + 120x - 665280
b3
= Da ( IEE)
%
T
[ 4iF )
SR - AMELEFE—FHHERT, AR0244, Bl: RTHHEEBS )
A9
2 T,

K: BEA—AZAWMEELFZ—HMEERGRT, AT ERE
B, 755 —665280 A FHA, 120 Hh— KA EH, 274 A= KF A K,
225 A ZKAAM, 8SAHWKAZE, ISAHELKRRAEZE, 1 ARFHK
REK, Tk, REAHERET. HEHE,

7.

[ Bz )

SHEFRBEERRT, BAE=F2A 1 E IR
466 BEH. —+HE,

ARHE: EXT—HER, WBCRZ., BLTWBERE TR NRE, =X
MF, =HMEE, NN, SLHHZ. 2 gl

[ %]
{l]EEﬁ%mﬂﬁm%Jnu+leud}+(n+U]5%%(%)

[2] FHRWBAATERE: 27 + 322 + 2x — 7455 = 0, (Fk)

[ &%)
AR —Fd S ERBRRTF, XMR2A, Fl: §RILE?



(n+3)(n+4)(n+5) =924. (G)
[ 2] The expression in modern form is the equation: x + 15x° + 85x* + 225x° +

274x* + 120x - 665280 = 0. (C)

7. The total number of apples in a pile in the form of a cone is 932, and the
number of layers is an odd number.!' ! Find the number of layers.
Ans. 15.
Process. Let the element tian be the number of layers. From the statement
we have 7455 for the negative shi, 2 for the positive fang, 3 for the positive
first lian, and 2 for the positive yu, a cubic expression' >! whose root is the

required number.

[ Notes ]
[ 1] Let the number of layers be n , that is, %[n(n+ 1) (2n+ 1)+ (n+1)]
=932. (G)

[ 2] The expression in modern form is the equation: 2x* + 3x? + 2x — 7455 = 0.

(C)

HHO!’-’E.
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g“: iSED

R: BEA—AFERERG EH, AR F ELLRBR, 55 -7455
HEHR, 2H—KRAELE, 3AKAEE 2ARBHLALRK, F
S, 1BIFE| EH, AP, '

8.
[ R3]
SHEZAGHRRT, HAEWA . R L TEE TS = +—4.
R E&ILA?
H: F@Ets, FEa—+is,
ARHE: M KIL—H FEET, WFRZ, BAT—E=1+ 8%,
NAATIZHRNT, SR, —RiERE, Y HFFZ 12 &bl

[ %)
L1]id k. FEEFTH AR m, n, Jﬂ’iﬂp:%[ﬂ{n+1](n +2) + (m -
I)m(m+1)] =504, m+n=21, (¥)

(2] FFASHBACIER R, ¥ - 3022 + 662x — 6132 = 0, ()

[ &i¥F ]
SHR—ZAE%RRT, ER50440, Axk, TARTFHIPFAH21A

Bl ETRO—EE S D7

% LER—&TA, TR—& 144,

K: BEA—ATR—BOANK, AdoRFERELM, 1561324
FHA, 66245 —KAA$, 308 =K RAK, | ARG REK, I
S, R, FEHTE,



8. A pile of apples in the form of a truncated regular triangular pyramid has
21 apples in the side of its bases.'!! The total number of apples is 504. Find
the sides of the bases.
Ans. Side of the upper base, 7;
side of the lower base, 14.

Process. Let the element tian be a side of the lower base. From the state-

ment we have 6132 for the negative shi, 662 for the positive fang, 30 for

the negative lian, and 1 for the positive yu, a cubic expression [2] whose

root is the required number.

[ Notes ]

[ 1] Let the sides of the pile's upper and lower bases be m and n . From the state-

mentwehave L{n(n+1)(n+2) + (m=1)m(m+1)] =504, m +n =

6
21. (G)
[ 2] The expression in modern form is the equation: x* — 30x? + 662x — 6132 =

0. (C)

H#OUE.
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9.
[ &)
SHENAGHRRT, Bi—T—Ha—1+—1. Ra LEALTELA, &
ZRBAA U [ B E R &S U7
Fa. Fm— 4, TE—+A51, &A8E.
ARHE: sLRT—RH ERANE, MBRZ., BATHEN+T—R4E5E,
AR AT, NANE, SLHHZ 2 G,

HIAIE R

A

[ %)
(1] 32k, TRESEDHNN mn, b, .
1020+ 1) +mln+ [(2m-1) +nlm}h= 1111,
n-m=5m-h=5,(%)

[2] FHRHBRIER H: 6 - 95x — 6941 = 0, (&)

[ 4% )
70 AF—HwAERRTF, ER1UIA, RE: ERG—@L TR —D
VSA, HEKES, Bl LTRG—BEFHES V7
Z: LE—®@11A, TR—@164, &6 %,
K: BRA—A LR —BGAK, APk ERAMH, 73] -6941 %
FHA, -SH—KAZ¥, 6 ARGHRAZEK, Fix, RFHL
E—meg i, FEHE,

10.

[ 3 )
SHAERRT, PO+ A Rz T K. BE, E5FZ,



EI'HOUE.

SUMOUNUN N04 8y} JO JoLIl apep

9. A pile of apples in the form of a truncated pyramid with a square base has
its total number equal to 1111. A side of the upper base contains 5 less than a
side of the lower base. But the number of layers of the upper base is 5 more
than that of the lower base. [!! Find the number in the sides of the bases and
in the altitude of the pile.

Ans. Side of the upper base, 11;

side of the lower base, 16;

altitude, 6. E %';—g
Process. Let the element tian be the number of apples in the upper base. g‘ ;-E;
From the statement we have 6941 for the negative shi, 95 for the negative “ E
fang, and 6 for the positive yu, a cubic expression '2) whose root is the %
required number. 4

[ Notes ]

[ 1]Let the pile’s side of the upper base, side of the lower base, and altitude be m,

471

n, and&.methestatememwchave%f[{h+ 1) +mln+[(2m=1) +n]lm}
h=1lll,n-m=5m-h=5 (G)

[ 2] The expression in modern form is the equation 6x* — 95x — 6941 = 0. (C)

10. The number of apples in a chu tong pile is 82.!'1 The square root of the
number in the length'uf the lower base plus the widths of the upper and lower

bases is 8. The lower width contains 2 less than the lower length, the upper
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ATH, BT FTRAAETKA, ERMEK—-22Z—, B5E
KE, 12|, B, FK. MARSILE?

EH: FERED, TKEAD; &M;

R4, B4

ARHE: ERTG—ATHE, IRz BLt+AT=F—AIL+THNIEEE,
t+tEt A F=ast/A\REl, —+HANTFNEASAT—HANE
B, WHA=FTEtE=1+/Cha =, WT—a—TAN=F, =&
— A URE, WAIER, AEAFZ, 3! 56,

[ E% )

(1] i2aERM ETRMK. MEAES5I N, b, a,, b,, h, REFEILRULSE
(BRER) RO ABAORBAR, HS =L (25, +5,)a,+ (25,4 b)) q,
+ (b, - b)) h=282, (%8)

(2] $B0:/b, + a, + a, = 8b, — a, = 2.a, =L b.b, = ho (FF)

[3 A RBBLTERA: 4 - 201x5 + 4112x* - 43738x° + 254861x% — 772368
+ 953190 = 0, (&)

[ &% )
LE—HraEghRETF, EARQ2A, RE: T¥wER, FF+5, mF
M, 84 FRILTR Y24, EMALKNS, S5 LkR¥F. .
E. FTk. ARFHEILFT?

. TRASA, T4 &4 E;

L 24, EKas,

A EEA—HEGFRHTR, At FERLELR, 535953190 4

R, —772368 H— KA A, 254861 K KA Z ¥, —43738 4

ZRFAEK, A2 AWRAEZHM, 201 ABKAZK, 4 AKZH KA

R, FakF, RFHTHEGNK, FEHE.



.I'_
width contains one-half as many as the upper length, and the height contains Eg
the same number as the upper length.! 2! Find the number in the widths and the S
lengths of the bases and the height of the pile. f

Ans. Lower width, 5; E
=

lower length, 7; g
height, 4; @

upper width, 2;
upper length, 4.

Process. Let the element tian be the number of apples in the lower width.

e
F
r»
7
&
=
7

vl
=2
— -}
pr = |
e -
3
=
]
g
=
e
o !
&l
'L ]

From the statement we have 953190 for the positive shi, 772368 for the
negative fang, 254861 for the positive first lian, 43738 for the negative
second lian, 4112 for the positive third lian, 201 for the negative fourth
lian, and 4 for the positive yu, an expression[?! of the sixth degree whose

root is the required number.

473
[ Notes ]

[ 1] Let the chu tong pile’ s upper length be b , upper width a, lower length b,,
lower width a,, and height . From the fﬂnnula of the volume of the chu tong pile provided
by Shen Kuo in his Meng Xi Bi Tan, we have § =%{{ 2b, +b,)a, + (2b,+b)a, +
(b, -b )] h=282 (G)

[2] "l‘hatis.‘ﬁ?:::I +a,=8b,-a,=2a, :%bl, b=h. (G)

[ 3 ] The expression in modern form is the equation: 4x° — 201x° + 4112x* ~ 43738x

+ 254861x2 — 772368x + 953190 = 0. (C)



11.
[ 73]
SEGERRT, B—a1 Rz K. TREARRNE, B, £,
LERFFZ, 5EKE, FTKEFLEKR¥E, ERARTR—, 2
k. K. WEREE A7
BE: KA, TERAAD;
FRAA, &HA
*a:ziﬁw%Lﬁ,mﬁizcﬁ—ﬁ:+ﬁ§£,:ﬁ&ﬁ,
hihiz bRE, —AEE TR, —RIER, = A2, B &b,

HHIE N

gl

[ %]
(1] D25 - FRAMK . MRS b, a, b, h, IR
S=4(2,+5)(a,+ 1) h =100, (%)

(2] #B: (b, +a,+h) —2=b, b, - b =%b, a,~ b, =1, (%)
[3] FAHFRNWRERELN: - ¥ - 522 + 2r - 120 = 0, (BR)

474

[ &% ]
SLH - GEERTF, ER1004, R&: Tk, TEAESGMAM, &=,
REHFFF, BB ERAF, FRELK S TR, LXLTH
Y 1A, B B Tk, BAFHE I
£ EkaA, TksA:
TRSA; &54,
K. BEA—HGERG LR, DR FEEAR, 33 -1204F
R, 2A—KRMEH, SAKRAERE, - 1AZKAZ, 1AHK
Bk EK, RS, REBH LRGN, FEHTE,
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11. The number of apples in a chu meng pile is 100.!'] It is said that the

square root of the sum of the apples in the lower length, the lower width, and
the height, decreased by 2, is the same as the number in the upper length; the
number in the lower length exceeds that in the upper by one-half of itself; and
the number in the upper length is less than that in the lower width by 1.[2!

Find the upper and lower lengths, the width, and the height of the pile.

Ans. Upper length, 4;
lower length, 8;

lower width, 5;

o
o
b=
|~ L.
"
L
T
1~

s
=
e =
-
=
-
e
=y
o
=
=
[ ap ]
&
e |

height, 5.
Process. Let the element rian be the upper length. From the statement we

have 120 for the negative shi, 2 for the positive fang, 5 for the negative first

lian, 1 for the negative last lian, and 1 for the positive yu, an expression >/

of the fourth degree whose root is the required length.

475

[ Notes ]
[ 1] Let the chu meng pile’ s upper length be b, , lower width a, , lower length b, ,

and height / . From the statement we have S=%(2bz+b1)(az+ 1)k =100. (G)

(2] Thatis, /(b +a,+h) -2 =b,b,~ b =+b,a,-b =1.(G)

[ 3] The expression in modern form is the equation: x* — x* — 5x + 2x — 120 =

0. (C)



12.

[FEx ]

SHEBERR T, 28, 2. RaZ. BaRa/\14, ZahE—

S, A—a—th1t. ANESBWA, §E; KFL2, BE; KTF58,

#E. VA &5 EBULf?

EH: =R, CWE, WU

ARH: LRITT—ARAGFER, WRKZ, B—TLtE—tHARE,
ZHAMNTT, AR, AR, A FZ, PIERSER. XL
RIL—RHCHITER, Rz, BT hEZHERE%E, =h
MTT, ZRAEE, ARG, SIAHZ, B E—+=R. HERSZ
B, RMZHPEH. XIKo—ALEEH, 0BKRZ. BA\T
ERTZRBEE, Z AT, =M, ZhNE, Sz, ™
BiEE—1+2, ABZ. REH, REBZEH. &6,

AR

A

476

[ 8 )

[1] BB, RAHFE, B2, SRS HERE, icB8 i, HEA
508 + 401 + 215 = 1124, B, &+ [n(n+1)(2n+1) +n) = 1124, iEFS
B, T, ZIHSBEAIH nn,, BF nn, SRAFE, W4 n (n, + 1) (2n,
+1) + (n,+ 1)) =215, 4 [n, (ny+ 1)(2n,+ 1) + (n, + 1)] = 215 + 401
= 616, (%) |

[2] FHRMBRIERA: 27 + 32 + 2x - 1719 = 0. (BR)

[3] FHXBBARTER K 20 + 32 + 2x - 4927 = 0, (PK)

(4] FAHAMBARIERA: 2¢° + 32 + 2x - 8992 = 0, (PK)



12. A pile of apples in the form of a circular cone is divided among Jia, Yi,
and Bing. Jia receives 508, Yi 401, and Bing 215. Bing s apples are from the
top layers, odd in number; Yi’s from the middle layers, even in number; and
Jia’ s from the lower layers, odd in number. !'’ Find the number of layers
each received.
Ans. Jia, 3 layers;
Yi, 4 layers;
Bing, 9 layers.
Process. Let the element tian be the number of layers which Bing received.
From the statement we have 1719 for the negative shi, 2 for the positive
fang, 3 for the positive lian, and 2 for the positive yu, a cubic expression’ 2’
whose root is the number of layers Bing received. Again let the element
tian be the number of layers which Yi and Bing together received. From
the statement we have 4927 for the negative shi, 2 for the positive fang, 3
for the positive lian, and 2 for the positive yu, a cubic expression' >/ whose
root is 13. From this root subtract the number of layers which Bing received,
and we shall have then the number of layers Yi received. Again let the
element tian be the whole number of layers in the pile. From the statement
we have 8992 for the negative shi, 2 for the positive fang, 3 for the positive
lian, and 2 for the positive yu, a cubic expression [*) whose root is 16.
Subtract from this root the number of layers Yi and Bing received, and we

shall then have the number Jia received.

[ Notes ]

[ 1] As Jia and Bing recesived odd layers, and Yi received even layers, we know

ﬂxoog.
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[&iF ]
AH—FFEAERRT, 4F. T, AZASZ: ¥4 5084, L4 401
A, A58 AERT, £48%F, RFHE, PEIL T, RBHE,
TELF, REME, Fl: BASHERRE S V7
£: W3E, LAE, A E,
R: REA—ARAFEK, AR ERLE, 38 1719 AFHK
R2A—RALZE,3HRFAARB2ARBRALE, FiFh, &
BEESEH, L BRA—AHLAKIYEH, AR FERELE,
135) 42T AFHR, 2AH—KAEK, SAZKAZHE, 2AHKHK
FEM, Fix, FEI13E, AFBREASTER, RERATHTE
#, X: BERA—AZALRGEHRK, AT ERLALM, F5)
~8INAEFEHA, 2A—KRAEZK, 3AKRAEZHEK, 2ARSHAAA
¥, Fik, 7216 &, AFAEEZL. AMEH, FERATFTHTE
#, HEHE,

Ak WBHIAIENR

478 13.
[ R3]
SHENARRTF—F, 8. 4. a2z, Rafiaht4, ZaMEE
P4, RAZBENS. AFEH, Kbh54, RESHE: &
vin=s+ S RLIK
sHE. H=2, 2lHE, ANE.
ARHE: SXT—REEER, BRZ., HLTUEE AL, —
HMTFT, SRNEE, AR, LA, P AEEER. X AL
RIG—HANMZE, BRZ . B—F B - +0ARE, — AT,
=HMEE, ZHMEB, SIHHAHZ, B RANE, NIIXKIL—ANL



that the number of the layers of the pile is even. Let the number of the layers be n . Its
volume is 508 + 401 + 215 = 1124, Therefore, & [n (7 + 1)(2n+ 1) +n] = 1124,
Let the number of layers divided by Bing be n, , the number of layets divided by Bing and
Yi n,, and because n, and n, are odd numbers, we have —é— [nl ( n +1 ) ( 2n + 1 ) +
(my+ 1)1 =215, 4 [n,(n,+ 1)(2n,+ 1) + (n,+ 1)] = 215 + 401 = 616. (G)

[ 2] The expression in modern form is the equation: 2x* + 3x* + 2x - 1719 = 0.

(C)

[ 3] The expression in modern form is the equation: 2x* + 3x? + 2x - 4927 = 0.
(C)

[ 4] The expression in modern form is the equation: 2x* + 3x* + 2x — 8992 = 0.
(C)

13. A pile of apples in the form of a pyramid with a square base is divided
among Jia, Yi, and Bing. Jia receives 590, Yi 446, and Bing 204. Jia$ layers
are from the lower layers of the pile, Yi’ s from the middle, and Bing’s from
the top. ') How many layers does each receive from the pile?
Ans. Jia, 3 layers;
Yi, 4 layers;
Bing, 8 layers.
Process. Let the element tian be the number of layers in the whole pile. From
the statement we have 7440 for the negative shi, 1 for the positive fang, 3 for

the positive lian, and 2 for the positive yu, a cubic expression (2'whose root

H)IOOE.
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NS EH, MBORZ , B=FHEREE, —HNFH, =HMEE,
AN, SHFZ BT 2B ABASERE, 8825 ER.
IRt Er, REVHESES., &b,

Ak WEHIAIE N

[ 5]
(1] iCHPASAESCR n, HAEIN 590 + 446 + 204 = 1240, Elﬂ:%n (n

+1)(2n + 1) = 1240, iCADE, W, 23285059 Hn, n,, W 31! !

3,nz{n +1)(2n, + 1) = 650, (¥§)
(2] FARXMBERERH: 22+ 32 +x - 7440 = 0, (PR)
[3] FHAMBRIERN: 20 + 382 + x - 1224 = 0, (BR)

(4] FHFXHIRIERN: 22 + 322 + x - 3900 = 0. (B&)

+1)(2n, + 1) = 204,

[ 4% ]
AH—FEEERT, 4P, . AZALSZ: T4 5904, T4 446
AN, AS2040 MTmk, £4F, PRIL T, @4 H, F: &A
P EREE VT
Z: 3E, LA4E, A8 E,
R: BRA—AEGEHK, AR FERKLM, 155 —7440 4 F
RNA—RAZE,3AHAKAZE,2HARZARALZE, FFis, 2
F BAZHEHK, X RRA—ARSEH, Ao FERXLM, 7
Bl 1224 AFHEA, 1 AHA—KRAEZEK, 3SAKREHK, 2HRH KA
2 ¥, Fim, #HAN8E, X REA—ATLRESEHK, A
o BFERAM, 15530008 FHA, 1 A— KA AH, 3AH =K
REB, 2ARBRAZRK, Firs, FE12E. ATPREATEHK,
FHRAR LY ER, ATHRKRSERBLBHEHR, 2BHRFHTE
¥, HEHTR,




is the number of layers. Again let the element fian be the number of layers
which Bing receives. From the statement we have 1224 for the negative shi,
1 for the positive fang, 3 for the positive lian, and 2 for the positive yu, a
cubic expressim; (3] whose root is the number of layers Bing receives.

Again let the element rian be the number of layers which Yi and Bing
receive. From the statement we have 3900 for the negative shi, 1 for the
positive fang, 3 for the positive lian, and 2 for the positive yu, a cubic
expression [4) whose root, 12, is the number of layers received by Yi and
Bing. From this number subtract the number of layers Bing receives. The
result is the number received by Yi. Subtract the root from the number of

layers in the whole pile. The result is the number of layers Jia receives.

[ Notes ]

[ 1] Let the number of layers of the pile be n . Its volume is 590 + 446 + 204 =
1240. Thus, El?n(n + 1)(2n + 1) = 1240. Let the number of layers divided by Bing
be n,, and the number of layers divided by Bing and Yi n, . Then, % n(n +1X2n +
1) =204, 35m, (n, + 1)(2n, + 1) = 650. (G)

[ 2] The expression in modern form is the equation: 2x> + 3x* + x — 7440 = 0.
(C)

[ 3] The expression in modern form is the equation: 2x> + 3x? + x — 1224 = 0.
(C)

[ 4] The expression in modern form is the equation: 2x* + 3x? + x — 3900 = 0.

(C)

HWC‘E.
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14,
[ sz )
SE=H . MARRTE—, #R—E—+—4. 0 AZNARER
REMARE—A. 2 [ RIS T2 |
=AEEAST, AR
*E:iii—%zﬁﬁﬁ,mﬁizoﬁzﬁ:+:%ﬁi,~%
M7, —KNE, ScHFZ, B=MARE, ) A,

HBHIE R

gl

[ %] .
(1] 2=, WARMKIE—A M 3R nn,, AP
31n](n +1)(n +2) +3'n2(n +1)(2n,+ 1) = 111, (¥§)
(2] BEBP: n, —n, = 1, (F)

[3] FFRAABIEARAN: £ +x -222 =0, (BK)

[ 4% ]

ABZH =A%, MARET, £RI11IA, AZWARRKN—AA

HILZARRG—ANKT 1A, Bl SRR —BANABERS 7
2. ZHRRRG—LAH A, WARKN—LASA
R: BXA—AZFARRG—AAHK, AR FERAK, F2
N AHEEA, 1 A-KRARE, 1 AREHRAZRK, FaF, £F
= ARG —BANK, HEHTE,

15.

[ &3z )
AH =M. MAKRTE—, NARNB=AR, K=+

pn
NI



14. The number of apples in two piles, one in the form of a pyramid whose
base is an equilateral triangle and the other in the form of a pyramid whose
base is a square, is 111.1"} It is said that a side of I'.hE; square base is less by 1
than a side of the triangular base.!2! Find a side of each of the bases.
Ans. A side of the triangular base, 6;
a side of the square base, 5.
Process. Let the element tian be a side of the triangular base. From the
statement we have 222 for the negative shi, 1 for the positive fang, and 1

for the positive yu, a cubic expression'?! whose root is the required side.

[ Notes ]
[ 1 ]Let a side of the triangular base be n, and a side of the square base n,. From the
statement we have %n, (n, +1)(n +2) +%n2(nz+ 1)(2n,+1) =111. (G)
[2] Thatis,n, — n, = 1. (G)

[ 3] The expression in modern form is the equation: x* + x — 222 = 0. (C)

15. The difference between the number of apples in two piles in the form of
pyramids, one with a square base and the other a triangular, is 20.''! The sum

of the apples in a side of the square base and a side of the triangular is 15.’

] HOOG,.
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HHIEE

-

=M. WAKIAS—+EHA 2 [ &IL?
EE: WUAKm-ET, =AEmE/A\1T,
RH: ZXTG—HHEMAKT, BRZ. B—TMHENRNEE, AL
TARHAMTT, — TR N, —HIER, LHFZ P &M,

[ 5 ) |
(1] 2= % . MARNE IR TR A, . HED.
Ln (4 1) (204 1) -
[2] BD: n + n, = 15, (38)
[3] FFARBIFUCTER R 2 - 1522 + 256x — 1400 = 0, (P& )

[ 4% )

LSER—FZA%K WARRT, WARGREEZAROR, 2204,

REZAREWARKN—BZ R ISA, Fl: ZHRRMH—ANKE

2357 |

£ WARKG—BHTA, ZARKRS—LH A,

K SR A — v SRR — DA, Ao AR ik KL, 5] - 1400

HERT, 256 H—KAAK, 15 HA-KAEK, | ARHATA

¥, FaF, BB ARR—DHAI K, FEFTFE,

|n|(n +1)(n, +2) =20, (%)

16.
[Ex]
SHE=ZARRT=F . WAaRRFAH, HR—-F /5L +24 R
= WA R ER = AR mA M+ A, 2 [ ZRmE LA
%E:Mﬁﬁﬁﬂ¢,zﬁﬁﬁ~+_¢ﬁ
AE: ERT—HMUBEF, WMBRZ, BEAEFT _ELTANIE



How many apples are there in a side of each of the base?
Ans. Square base, 7;
triangular base, 8.
Process. Let the element tian be the number of apples in a side of the square
base. From the statement we have 1400 for the negative shi, 256 for the
positive fang, 15 for the negative lian, and 1 for the positive yu, a cubic

expression' ! whose root is the required number.

[ Notes ]
[ 1 ]Let a side of the triangular base be n,, and a side of the square base n,. From the

statement we have lﬂ:(nz+ 1)(2n, + 1) —Lnl(n] +1)(n, +2) =20. (G)

3! 3!
[2] Thatis,n, + n,=15. (G)
[ 3] The expression in modern form is the equation: x* - 15x + 256x — 1400 =

0. (C)

16. There are three equal piles of apples whose bases are equilateral triangles
and six equal piles whose bases are squares. The total number of apples is
1272. (111t is said that the product of the number in a side of the square base
by the number in a side of the triangular base is equal to 48. [2] Find the
number in a side of each of the bases.

Ans. Square base, 4,

HWE.
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2, = FMAREFASIAE, B+HABAERE, — Atttk
THE, —AM=BE, =ANTEE, AR, A HZ. B A,

Ak WrHAIE N

[ %]
(1) RS, EARGK AR ER A, n, M
3x3Tn](n +1)(n +2) +6x3!n2(n +1)(2n,+ 1) =1272, ()

[2] BA: nn, = 48, (FE)

(3] FFHFRMBARTER N, 26 + 325 + x4 - 1272 + 48x? + 3456x + 55296 =

0. (BR)

[ &%)
SEHIMZARRT. OTWARRT, ER1L22A, RAZzwARSE
ZRARKG—AAAFFR A8 A Fl: ZRKG— AN HERS D7
. WARKN—LH AN, ZARKRG—LA 124
R ERA—AWARKG — AN, Adefr g ik LA, 5255296
AFERKR, 3456 A — KR AL, A8 A K AEK, - 1212 AHZ KA &
¥, 1 AWAKFAEK, 3AHAZKRAZKE, 2HRSFGRAZHEK, K
¥, 1235w ARR AN, FHEFTF,

17.
[FEx]
AH=ZAVRT . NARRT=F, HFNaART+ 2 RE=
£ B IR DU M R AR Ao (2) 8] R EA& LT ?
H. =A@, WARENAT,
ARE: MRT—H=AKETF, WBRZ, B—-TLEATAARE,



triangular base, 12.
Process. Let the element tian be the number of apples in a side of the square
base. From the statement we have 55296 for the positive shi, 3456 for the
positive fang, 48 for the positive first lian, 1272 for the negative second
lian, 1 for the positive third lian, 3 for the positive last lian, and 2 for the
positive yu, an expression' *! of the sixth degree whose root is the required

number.

[ Notes ]

[ 1 ]Let a side of the triangular base be #,, and a side of the square base n,. From the
statement we have 3 x%nl (n,+1)(n, +2) +6 xgl_!.nz (n,+1)(2n,+1) =
1272. (G)

[2] Thatis,nn,=48. (G)

[ 3] The expression in modern form is the equation: 2x% + 3x° + x* — 1272x% +

48x* + 3456x + 55296 = 0. (C)

17. The number of apples in two equilateral pyramids with triangular bases
and three equivalent pyramids with square bases is 652.!'! It is said that the
quotient of the number in a side of the square base by the number in a side of

the triangular base is 2.2’ Find the number of apples in a side of each of the

bases.

Ans. Triangular base, 4;

.ﬂ’tﬂoﬂ.
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sk HFHEIE

HANF, —+—AN LR, —+HAME, SLHHFZ. B G,

[ iR
[1]i2=fAsk. MARGK A MEANRn, n, A
2 x 4, (ny+ 1) (n,+2) +3 x3m, (n, + 1) (20, + 1) = 652 (¥5)
(2] e8P =2 =2, (3B)

[3] FHFRXBILHR N 252 + 212 + 5x - 1956 = 0, (FkK)

[ 4% )
AEH2MZARRT. IMWARRT, £R65240, REWHARK
W) —HRAZARRE A2, Bl ARG —ANHER S ST
5. ZARRE—Ah AN, w@HRRE—AHEA,
K: BREA—AZARRG -, 2R FERKEH, 75
~1956 A FHA, 5AH— KRR, 20 A= RAZHE, 25SAKHRA
A3, ik, BRI ZARK—DHANEK, HEF,

18.
[ R3]
AENAGREFR, U=ARETFHRRZ, 840U Aa=//Kmum
AR I-E 2, (20 6] ZRRE& L7
EE: =fRENA, MAKELE
ARE: SRT—H=AKETF, MERZ, B=AL+HEX, =8
t+/ABNE, —B—TIRERE, FIRZ. B aml.



square base, 8.
Process. Let the element tian be the number of apples in a side of the trian-
gular base. From the statement we have 1956 for the negative shi, 5 for the
positive fang, 21 for the positive first lian, and 25 for the positive yu, a
cubic expression | 3! whose root is the required number of apples in a side

of the triangular base.

[ Notes ]
[ 1 ]Let a side of the triangular base be n,, and a side of the square base n,. From the
statement we have 2 x%n] (n,+1)(n +2) +3 x%nz{nz +1)(2n,+1) =

652. (G)
[2] Thatis, =% =2. (G)

[ 3] The expression in modern form is the equation: 25x* + 21x* + 5x - 1956 =

0. (C)

18. The quotient of the number of apples in a pyramid with a square base and
the number in a pyramid with an equilateral triangle as its base is 7."'' The
number in a side of the triangular base is four-sevenths of the number in a side
of the square base.!2! Find the number in a side of each of the bases.
Ans. Triangular base, 4;
square base, 7.
Process. Let the element fian be the number of apples in a side of the trian-
gular base. From the statement we have 392 for the positive shi, 378 for the

HW.
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gk HFHAIEN

[ %]
(125, MABREE—L B SR n 0, BB

i
arh, ( 1)(2n, +1)
3!!1: H2+ 2+ =?° ('EIE)

%nl(nl + l)(n] +2)
[2] BEBD: n, =3 n,o (3B)
L3 ] FARMBIER N : ~1192 + 378x + 392 = 0, (BE)

[ &iF ) |
SREARRTR, RUAZARRTR, /7, REZARRG—A8)
4RI AR — AR T, [ SRR —DAKERS I
E: ZARKSG—DH 4N, WAKKSG—DHTA,
K: BRRA—AZARRY—ANK, Ao F ik REM, 1535392
ATEA, 3718 H—KAARK, - 119AFHAFAK, FF-5, @243
B = AHR—AH N, FAHHE,

19.

[Ex ]

SH=f. NARTE, HRE-F=T—H4. 0 REH=f. M

K, FHAFZ, RRISARE=A. 2 6 —JRE& I
BEE . WAKE-LEY, =AKEL.

RE: SRR PAIEE, R, BA+=H—TFAE NS,
HEAFIAF, ABLHERN LR, —FRE=+ NS5, =
BEA /IR, —TIE A R MIEE, —F— A28 T,
“HAA T HMAAR, = HAEE TR, S AR, ARH .14
i,



positive fang, and 119 for the negative yu, a quadratic expression’ > whose

root is the required number,

[ Notes ]

[ 1 ]Leta side of the triangular base be ,, and a side of the square base #,. From the

|
ain(n,+1)(2n, +1)
3! 2 : =7. (G)

statement we have T
3, (ny+ 1) (n, +2)

[2] Thatis,nl=éj- n,. (G)
| 3] The expression in modern form is the equation: ~119x + 378x + 392 = 0.

(C)

19. The product of the number of apples in the form of a pyramid whose base
is an equilateral triangle by the number in the form of a pyramid whose base
is square, is 23100..! It is said that the square root of the number in a side of
the triangular base plus the number in a side of the square base is less than the

number in a side of the square base by 3.2’ Find the number in a side of each

of the bases.
Ans. Square base, 7,
triangular base, 9.
Process. Let the element rian be the number of apples in a side of the square

base. From the statement we have 831600 for the negative shi, 990 for the

If %008 g
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AR

[ %)
[1]i2=f/A%. AR —ATE5Rn, n, HED:
=
T [%nl (n. +1)(n + 2)][%::?(112 +1)(2n, + 1)] = 23100, (¥§)

(2] BB fn +n,=n, - 3. (5)
[3 ] FFRBBATER R, 2¢° - 39x° + 2927 - 1016x° + 1426x° + 358x* — 2530x°

+ 877x% + 990x - 831600 = 0. (B&)

[4iF ]
AREZARRTREWARRETRME, 55231004, RE=ZAK%L
QAR —A A, FFF, FEOLOHRRG—A Y IA, B 3%
Bt —ANBERX S S?
B WARRM—AHTA, ZARKG—BHIA,

R: BRA—AWARRKRG—AANE, AR FELLHE, F3

—831600 4 F#A, 990 A — KM A K, 877 H = KRA £ 4, -2530 4

ZRBABH, 358 HWARRAEH, 1426 A LKA AHK, —1016 AR
492 HEHK, 22 RARK, 39 NKAELE, 2AHRFHTAAAK,
FHRF, BABEARK LGN, FEHE,

20.
[ B )
AE=H. NARTE—F, BB -EF—1+ 4. AZZAKTF—2
ZEQMﬁ@¥—EZﬁ%GH=ﬁEE%RM?
BE. SRKAAD, WAKEAT.
RE: TRT—N=MEHEH, WBRZ, BAEN+—F—F+mM
WIEZ, SHFATHEERE R, NAETFEHE= =0 LI,
—F—t R, LTI EEE, =AM TR, ZNIER,



positive fang, 877 for the positive first lian, 2530 for the negative second
lian, 358 for the positive third lian, 1426 for the positive fourth lian, 1016
for the negative fifth lian, 292 for the positive sixth lian, 39 for the nega-
tive last lian, and 2 for the positive yu, an expression’® of the ninth degree

whose root is the number of apples in a side of the square base.

[ Notes ]
[ 1 ]Let a side of the triangular base be n,, and a side of the square base »,. From the
statement we have ['i]'i n(n +1)(n + 2)]{-3-,% n,(n,+1)(2n,+1)] = 23100.

(G)

[ 2] That is, n +n,=n,~3. (G)

[ 3] The expression in modern form is the equation: 2x* — 39x® + 292x” - 1016x®

+ 1426x° + 358x* - 2530 + 8B77x* + 990x - 831600 = 0. (C)

20. The number of apples in two pyramid piles, the base of one being an
equilateral triangle and the other a square, is 211.!' It is said that the number
of apples in the perimeters of the first layers of these two piles is the same.
Find the number in a side of each of the bases.

Ans. Triangular base, 8;

square base, 6.
Process. Let the element fian be the number of apples in a side of the trian-

gular base. From the statement we have 6411024 for the positive shi, 35450

HW.
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-dk HHIEN

HRFITZ. 12 &l

§:3: 9
[1]ESf/B. PUABRIE—h A IR 0, HED.
3im (no+ 1) (n+2) +dn, (ny+ 1) (20,4 1) = 2110 (38)

[2 ] FANABMCUER D : 256 + 30x° + 99x* — 10012x* ~ 45533x2 — 35450x +

6411024 = 0, ( Bk )

(&% ]
SAHZARRT, OARRTFEA—FF, AR2UA. REZAKRTY
—EZEEWMARTH—EIHEMBF, Fl: ZRRG—2IANA#HERS
V7
Z: ZARKN—LABA, WARKKH—LA 64
R: BRRA—AZARRG— LN, ARy ELRABR. 72
6411024 % F H A, —35450 H—K A A, —45533 H R & ¥,
—10012 A= KA A, 9 A WRFAAEK, 0 AL KRAEK, 24K
MRR R, FART, RAFHZARR—LON K FEFRL



for the negative fang, 45533 for the negative first lian, 10012 for the nega-
tive second lian, 99 for the positive third lian, 30 for the positive last lian,
and 2 for the positive yu, an expression- 2/ of the sixth degree whose root is

the number of apples in a side of the triangular base.

[ Notes ]
[ 1 ]Let a side of the triangular base be n, and a side of the square base n,. From the
statementwehave%nl (n, +1)(n, +2) +%m2 (n,+1)(2n,+1) =211. (G)
[ 2] The expression in modern form is the equation: 2x* + 30x* + 99x* — 10012x*

~ 455332 — 35450x + 6411024 = 0. (C)

HHOOE.
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1.
[ FE3 ]
AHEBE—B, RS, AFANE—H 248 . RELRARE,
AEANENA+A¥, H5H, SMNEES, 2 0. =3HEJLMA?
BHE: TEAE, WANTESE, SNE-a= 15
ARH: ILKITT—AER, BKRZ. BZFHAENE+/N\REx, =+
ZHAMERE, —ANEE, =FHFZ, ) B, gl

= | oo

E
a3

[ iR )
(1] 8w =3, icBEH., RieEREDEA, SMEGHIR 1, 1, HED:
L 2 1 ;2
2l — 5= 612 (58)
[2]i0LRNd, WED: 1, - =48, & =1 - 1,, (%)

(3] ARG R: ¥ + 3282 - 2448 = 0, (Bk)

[ &%)

AH—EHE, —KEeLEPR, HedaRye12y., RE: FE
Rz Ak, WAR Y8, mEA. SMAZEMRF. B FELA
B, srRA&A S T



Suo Tao Tun Rong ( Figures within
Other Figures )
19 Problems

1. In the center of a circular piece of land is a circular pond of xr:fatﬂr. The area
of the land is 612 ( square ) bu!'’ It is said that the square of the shi jing is
less than the inner circumference by 48 bu, but is equal to the difference be-

tween the outer and the inner circumferences.' 2! Find the three matters.

Ans. Shi jing, 6 bu,
inner circumference, 84 bu;
outer circumference, 120 bu.
Process. Let the element fian be the shi jing. From the statement we have
2448 for the negative shi, 32 for the positive first lian, and 1 for the positive

yu, an expression >} of the fourth degree whose root is the required shi

jing.

[ Notes }

[ 1 ]Make 7 =3, and let the circumferences of the circular piece of land and circu-

lar pond, that is, the land’ s outer circumference and the inner circumference of the land,

HWH.
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WHAIE N

xaC3

498

Z: £26%, RNAS8Y, srA 120, .
K: BRA—AFER, Ao FERLLEM, 53] —2448 A ¥ HR,
NAHAKREAR, 1 ARF[LAEGK, Fuiky, F3FEZE, Hb
FIr el .

2.
[ Ex ]
ASEFA—B, WERMEZ. RFUFHEERS, BIVEARE, 2=
FRF—BAFIE 1 AZNaEIMESE K —+ 5%, W, 4
FZE=+7~#$, 12 b ZFK 07
%E. WERZR-HAE, BFN+ES, WHEASE,
RE: SEERT—RHFZHEE, WERZ, B—E -+ ATATHE
PO 4245, — M T-LE M+ NS, TUE =+t A AEE, —+
FAME, Sz, ¢ BRERE, &,

BB
=

WEZ

[ 8]
(1] 8w = 3, iefw>id, WERZE. B8N d .d,a, KA.
{a* - [3(2d, +d)? -2 &} d, - [3(2d, +d,)]* = 25164, ($B)
(2] 82 =L, sl (La- (24, +d)] =115, 3(24, +d,) -3d,=
36, (¥B)
[3] FAFRXBIARIER R : 255 + 42722 + 14749x - 1296540 = 0, (B&)



1. 1
be /, and I, . From the statement we have 15/, —EI§= 612. (G)

[ 2] Let shi jing be d . From the statement we have [, - & = 48, = - 1,. (G)

[ 3 ] The expression in modern form is the equation: x* + 32x2 ~ 2448 = 0. (C)

2. A stream of water in the form of a ring is found in a square tract of land.
Multiply the area of the irregular part of the lz;nd, that without the stream, by
the diameter of the circular part, that within the stream, and subtract from it
the square of the outer circumference. The remainder is 2564 bu.!! It is said
that the distances from the corners of the land to the edge of the water are

equal to lll bu; and the difference between the circumferences is 36 bu.[?]

2
Find the three matters.

Ans. The diameter of the land surrounded by the water, 28 bu;
a side of the square, 45 bu;
width of the stream, 6 bu.
Process. Let the element tian be the diameter of the inner circle. From the
statement we have 1296540 for the negative shi, 14749 for the positive
fang, 427 for the positive lian, and 25 for the positive yu, a cubic expres-

sion?! whose root is the required diameter.

the inner
ircle
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A

[ 4% )
SR —BFE, — SR PR, HMEGEORAKLGRAREZ, &
S BAGE, FE25164F, RE: AFTEHOEAIRLGEE K
g%, SResh, SPAZEH6H, B: FEAMZE, FEHAK,
Rt K2 =KB A5 D7
: AEZ28Y, yaegiakas P, R ERZ6F,
R: BREA—AHFEGAREZ, A FELXEM, 532 —1296540
AFER, 14749 A— KA R, Q2T HKRFEHK, 25 AR B KA
R¥, FFaxy, #H3ANZ, FEHE,

3.
[ &3]
SHEH-B, ARERY Fab5Z. RaER? AREE=2¥,
HiZwig 2! A 4 ) Wik RERERA L7
EH: WwE_ %, wk=1+—2¥, BR=151F.
ARH: SLRIT— RN, WMBRZ . B—al+-EHhIEE, —+ Uk
W7, —HawB8, Az, B, .

-
=
o =

[ % )
(1] %E=FMAEKKH. (BR)
(2] ZAEMT. (BR)
[3] =MmERIK. (BF)



[ Notes ]

[ 1] Make 7 = 3, and let the diameter of the stream of water in the form of a ring
be d,, the diameter of the land surrounded by the water d,, and a side of the square a . From
the statement we have { a> - [%(Zdl +d,)? —%a’gﬂ d,-[3(2d +d,)]*=
25164 . (G)

[2] Let/2=L  thatis, S0 La - (24, + d,)] = 1153 (24, + d,) - 34,

L]

36. (G)
[ 3] The expression in modern form is the equation: 25x* + 427x* + 14749x -

1296540 = 0. (C)

3. A gui chi''is inscribed in a circular piece of land. It is said that the length' ?’
of the gui chi is less than the diameter of the circle by 3% bu, but exceeds the
width'?of the pond by l{]—é* bu!*] Find the length and the width of the pond ad
the diameter of the circle.
Ans. Width of the pond, 21 bu;
length of the pond, 31-21; bu;
diameter of the circle, 35 bu.
Process. Let the element rian be the width of the pond. From the statement

we have 147 for the positive shi, 14 for the positive fang, and 1 for the

negative yu, a quadratic expression'®’ whose root is the required width.

width
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(4] iBXME. K. BRE25Nabd, WH: d-b = 3%,.& —a= m‘fo (3R )
(5] FARMBIERH: -2 + 14x + 147 = 0, (BR)

WIS B

e

[ &% ]
S —Ew|, ABE—FREZ A Kk, R&: Kbk (ZABH)
EEY 3L F, kR (ZABHR) 5105 F. B kb
¥, MEABZEAHZ V7
B ARMA2L Y, KKk ITY, BESP.
K ZEA—AHKEGE, ARGk RKEM, 173) 147 A FHA,
145 —RAEZE, -1 AREHRAZEK, F+5, FRKLtE, &
Gl B

4.

[[ExX ]

ABFH—B, SFKA D FERLAZ, KP—F B =+HE, 2

502 OEMEATREEAERER L. B A B, WL
AE: WE—E T8, BF—EN+RE,

RE: TRT—HUWRE, MR, BAEHEF-FHAEE, OFL

B, RSB, THFZ, ) B, AN,




[ Notes ]
[ 1] A pond of water in the form of an isosceles triangle. (C)
[ 2 ] The altitude of the triangle. (C )
[ 3] The base of the triangle. ( C)
[ 4] Let the width and the length of the pond be a and b, and the diameter of the

circle d. From the statement we haved — b = SL.b -a= llfitl . (G)

2 2
[ 5] The expression in modern form is the equation: —x* + 14x + 147 = 0. (C)

4. There is a circular pond of water at the northeast !'! corner of a square
piece of land; the areas of the land itself is 10225 bu!?! It is said that the
distance from the southwest corner to the edge of the water is 59 bu.!*!Find a
side of the square and the diameter of the pond.
Ans. Diameter of the pond, 120 bu;
side of the square, 145 bu.
Process. Let the element tfian be the diameter of the pond. From the state-

ment we have 552000 for the negative shi, 4720 for the positive fang, and

Il %008
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[ 1 ) cab ATl A5 iR s E o B i iF S Kb B — R r S5 7
l‘n]ﬂFEJila Htt, ESRER, ALATE, R, ()
[2] Bt =3, i FE—, W% Rad, WH: a2 *%(’P = 10225, (¥8)
(31m/2=L, stBp: Ixd+dss59=La () |

2 72
[4] FHFRIBILIER K. -2 + 4720x — 552000 = 0, (BK)

[ &% )
AK—FE, FALAA—BHBKEEZ, $eei@MRAy 102255, R
Z: AFEAEHAMNZIERGIEBERS9T, B: FaEdaKk, BHed
HEAS VT
2. Maeh 2120, FEahit Kk 145 %,
K. EEA—HE R EZE, Ao FERLM, 53] -552000 4 F
BR, 47120 A—KRAAH, -1 ARGHRAZEK, T+F5, FEEL
B EZ, FeFriE,

5.
[ R3]
AEBE—B, FA—E %, BUKAPSERER, 4 0IE B, R
ZOMBHK =", )l KENE L
gn:E[: - Iiﬂl%ﬁﬁ
RE. TRIE—XKEN, ORRZ, BEELHAEE, —HM
M, Fz, 2 BKENE. A,

T
-1EH &

C



1 for the negative yu, a quadratic expression'*! whose root is the diameter

of the pond.

[ Notes ]

[ 1] The direction used in this book is according to the old Chinese method which,
as in many other things, is directly opposite to the Western method. Thus the top of a page
is south, the bottom north, the right-hand side west, and the left-hand side east. (C)

[ 2] Make « =3, and let a side of the square be a, and the diameter of the pond d.
From the statement we have a*> — i 4 = 10225. (G)

[3] Lctﬁ=1, thatis, 2x< +4 +59=24.(G)

5 5 2 2 5
[ 4] The expression in modern form is the equation: —x*> + 4720x — 552000 = 0.

(C)

5. A stream passes directly through a circular piece of land dividing it into
two segments. The chord of each segment is equal to 32 bu and the circumfer-
ence of the land is equal to 120 bu.''! Find the width of the stream.

Ans. 24 bu.
Process. Let the element tian be the width of the stream. From the state-

ment we have 576 for the negative ski, and 1 for the positive yu, a quadratic

expression! 2] whose root is the required width.

(/W\)

E:rooa-

SUMOUMU JNO4 8Y) JO JOLIpy apef

SOISSHIY

1
1

HFSLEEE

3

g
L1

=
—-_
"
L

i




=

e E

gl

[iF%]

[1] 8w =3, icHlAE. BE. WE. KERTSINI 4, ¢, a, ﬁljd=%=
40, HAKAK, a2 =& - ¢ = 402 - 322 = 576, ()

L2 ] FAHTRWIRAIEA N : 2 - 576 = 0. (BK)

[ &% ]
AR—EE, BKA120F, mAAFPEFiL, RA—FALT, ¥$H
SREIAE, ARE: IR\ EA3N2Y, Fl: KEMA S
B REE24F, |
R: BRA—AKGHE, Ao i ik RKEM, F2]-576 AFHTA, 1
HBEBHEAERE, FF+5, RBKEE, F4H5H709,

6.
[ R3]
SHAE—B, EFHILEASATIhGZ, RBRETE N RaWER
MM ERE AT AL A 2 [ B & H U2
EH: #w+hs, BAANTREY
ARE: SLRIT—RMT, WARZ, B-LH-ETREANTUAEESE,
AFR+—2 "0 ANTr, HE-EaNERNGE, FHZ, Bt
o &l
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[ Notes ]

[ 1] Make 7 = 3, and let the circumference be /, the diameter d, the chord of each
segment ¢, and the width of the stream a . Then, d = —;- = 40 . From the gou gu method,
ad=d - =40 -322=576. (G)

[ 2] The expression in modern form is the equation: x* - 576 = 0. (C)
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6.A square pond of water is situated obliquely in the northwest corner of a
square piece of land. The area of the land is 4000 bul!'l It is said that the
distance from the southeast corner to the edge of the water is 68 bu 8 fen.!*’
Find the sides of the land and the pond.
Ans. Side of pond, 15 bu; 507
side of land, 65 bu. |
Process. Let the element tian be a side of the pond. From the statement we
have 77664 for the negative shi, 5091 bu 2 fen for the positive fang, and 5

bu 7 fen 6 li for the positive yu, a quadratic expression-*! whose root is the

required side.
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(1] i2FH. F—ha5Ha.a,, HE: a? - a? = 4000, (¥5)

[2]“%" FZ “AR" W08, B/2=1, kM: Lo - (a,+1a,) =
68.8, (%K)

[3]“#” FzZ “Z4"., “EaNE” 23024, 076 %, () H I
AR A 5.76x7 + 5091.2x — 77664 = 0. (BR)

[ &iF ]
AAH—FA, FRLAERA-5HRLEAG TR KL EZ, HMEHERAY
4000, A& MFTEHEARAMNESFLHIEBZ 688, Fl: 7,
FHR A KE AT
B, Fhy—ia 15, 7E6—2L 65,
K. BEA—HFH—DK, A Fx KL, 53] -77664 4
FHA, 509124 — KA, 5T AR BHKALRK, FFH5, 57
B Fady—iak, FHEAFE,

7.
[ R3]
AHBEE—B, FHgkRA—K, SMRAR =4, ZEK=1+%.
). B2, WMH. KESILA?
%8 . BR-+HE, RELY, RE-T%,
RE: A RT—HIKBIMEK, WBRZ, B=AHIEL, LF=H
%¥, NEIALEE, tH=0%THE, —HIER, =FHHZ,
BEME. X KBEEE, mx, BEBS 2 X FRE, U
Bz, HEHEE. MK, BlHE, B SR,




[ Notes ]
[ 1 ]Let the side of the land be a,, and the side of the pond a,. From the statement we
havea - a,> = 4000. (G)

[ 2] 8 fen following the bu is 0.8 bu. Make /2 =% , that i, %al ~(a,+ le-az )=

688. (G)
[ 3 ]2 fen and 7 fen 6 li following bu are 0.2 bu and 0.76 bu respectively. The expres-

sion in modern form is the equation: 5.76x2 + 5091.2x — 77664 = 0. (C)

7. A segment on the west side of a circular piece of land is occupied by water.
The remainder of the circumference is 53 bﬁ and its chord 20 bu. Find the
diameter of the circle, and the arc and the shi of the segment.
Ans. Diameter, 25 bu,
shi, 5 bu;
arc, 22 bu.
Process. Let the element tian be shi of the segment occupied by the water.
From the statement we have 30000 for the positive shi, 7300 for the nega-
tive fang, 600 for the positive first lian, 73 for the negative last lian, and 1
for the positive yu, an expression! '} of the fourth degree whose root is the
required shi. The sum of the square of one-half of the chord divided by the
shi and the.‘shi is equal to the diameter of the circle; 27 and twice the square
of the shi divided by the diameter of the circle is the difference between the
chord and its arc. Increase this difference by the chord, and we then have

the required arc of the segment.">’
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§:3:3
(1] AHAXMBUCERX R - 738 + 600x2 — 7300x + 30000 = 0, (B&)
[2] 8w =3, iBBERA., WE. WK, WE. KEIBINL, 4, ¢, 1, v, W
CLRER) AREEHA, d = 2L 4 v, (5)
[3] BAEREAR, [=c +22, (%)

RIS

-Adi

[ 4% )
SR—EW, BABKEN—IRE, ShHEAS3F, ZK20F, F:
Bz, RHF. £HEH 57
. Mz25Y¥, xASY¥, RF2F,
R: BRA—HKRBIRG KB, Ao fRF kKM, 2] 30000 % F
M, 7300 A —RAMARK, 6004 =—RAAS, -T3AZKRANEZH,
1 ARBHRAZM, FORF, AR X, X FERRAKHE, jn
XM, HAMZ, X FREZIFhE, AEZHRZ, HEZHERF
Z %, mbiZ, HRAKK ., HEHE,

[ R )
SHFH—B, BiBEKkRLEZ, KRBPLT—A—1TZF . Rz
AR E AR T A, ) . E R KA LT
BE, BAAFEE, kK=t —5.
ARHE: LRITG—HEFE, WRRZ. BTN T—B ZTENIESE,
=H—Hil, —HIEB, FHFZ.0 FE, b2, Hili—, W
MRt WIRZH, RNME, B2, BAK, &R,
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diameter

[ Notes ]

[ 1] The expression in modern form is the equation: x* — 73x* + 600x? — 7300x +
30000 = 0. (C)
[ 2 TMake 77 = 3, and let the circumference be [, the diameter d , the chord ¢ , the arc

l,, and the shi v . According to the gou gu ju yuan cai method in The Nine Chapters of

(5)°
v

Lo
==
==
-ra
—
=,
]
&
P

Mathematical Procedures, d = +v. (G)

[3] Acording to Shen Kuo’ s hui yuan method, I = ¢ +2¥-. (G)

d
511
8. After taking of the northwest corner, occupied by water, of a square piece
of land the remainder is equal to 71 122l ( square ) bu!'l It is said that the
distance from the southeast corner to the edge of the water is 108% bul?'Find - «

a side of the land and the length of the edge of the water.
Ans. Side of the land, 85 bu;
edge of the water, 21 bu.

Process. Let the element tian be a side of the square. From the statement
we have 19125 for the positive shi, 310 for the negative fang, and 1 for the

positive yu, a quadratic expression (! whose root is a side of the square.
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[ %]

[1] BugH M —a R B=MBARS R K a.a,, HE: a2 - (Fa,)? =
71245 o (3)

[zy@fi=%,wW:%ﬂrm%%=1m%w{ﬂn

[3] FAHFABIBRIEAN: 22 - 310x + 19125 = 0, (BR)

[ 5 ]
SA—FW, BRARARE, MEOBRY T2 F, A& A
W6 A 6 KD HIE B R 1081 F . [ FWein K G KR AT
BREH %7 | |
Z: ZEA—A85F, KEZAHGKR21 T,
R: BRA—AFEEG—A¥K, AR F kKL, 52 19125 4%
HOR, BI0A—RARE, 1 ARSRARE, F¥F, HRFEE
—i¥k, Rk, ATERZ, ASHRZ, AFZE6ddk, APRER
MAEKDMIEE, REAKARE, Wi, ®AKEZHH R,
AR e,

F

9.
[ R )
SEFERE N E—B, NEAF AL, AR=TAE



Seventh-fifths of this root is the diagonal of the land. Subtracting from this
diagonal the distance to the edge of the water we then have the diagonal of

the pond. Twice this diagonal is the required length of the edge.

pue] 31 Jo 3pIs

{ Notes ]

[ I [Let aside of the land be a,, and the length of the edge of the water a,. From the

1 1
statement we have a ? - (EHE)I = 71125 . (G)

(2] Makeﬁz% , that is, «g-a,-_%.af 1082 . (G)

[ 3 ] The expression in modem form is the equation: x* - 310x + 19125=0. (C)

9. A piece of land in the form of a fang-wu-xie-qi octagon has a pond

of water of the similar form in the center. The area of the dry land is
3977%( square ) bu!'' It is said that the mian jing to the edge of the water all
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tt+EXU+ G222t RamzEmEsk—+t#.2) 6 |
Tt 1 2% I LR 2
BH: HE=1/%, MWl —=1+_%.
ARE: SLRIC—HMERE, WBRZ B =+ _F 8/ i,
— AARTFTEEAFERINE, FXBESm—, 38, nxz—1
9, BPSbEHMER. &,

N\

[ E%]

n]mﬁ}l e/ R H 5\ -0 58 a,a,, ERSRIHS,S, HED:

1¢5 1_2392 ,&z
?a2+4><2(?a2) 29 % S, 29 9

S, —52=39?7£0($|$)
[2] HEBP: q +2>«:%.:1I = a, +2x%a2+2 x 17, Ha, =a, + 14, ()
(3] FHRMBRIER F . 16464x — 362208 = 0. ([R)

S,=a’+4xa,x

[ 4% )
SHE—FSETINAE, AFPA—FSHTIANARLEZ, FeaRy
977145 F . RE: AAARESIAEAARWGERRT S, Fl: A
BENfuby—akEH % )7
B ANfAWEH—a36F, \NAkh—aKk2F,
R: BREA—HNARG—LK, Adofii kR AM, 155] -362208
HERA, 16464 H— K AEHK, FAREFTRZ, FRNHEL—
¥k, mBEZE 14, KASNABG—BK, FEFFE,



equal to 17 bu.!?!Find the width of the land and a side of the pond.
Ans. Width of the land, 36 bu;
side of the pond, 22 bu.
Process. Let the element tian be a side of the pond. From the statement we
have 362208 for the negative shi, and 16464 for the positive fang, a linear
expression' ! whose root is a side of the pond. Adding to a side of the pond

the difference, 14, we have the required side of the land.

[ Notes )

[1] Makeﬁ:%, and let the width and area of the land be @, and S, and a side and
5

the area of the pond a, and S,. From the statement we have S, = a? + 4 x a, x >a, + 4
1 (5 2 239 _239
X3f7ﬂz) =79 % S =79 4
7
§, - 8,=397735 . (G)

[2] Thatis,a]+2x%al =a2+2x%a1+2x l?,ﬂral‘—-a2+ 14. (G)

[ 3] The expression in modem form is the equation: 16464x — 362208 = 0. (C)

HJIOOE.
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10.
[ R3]
SHBIH—B, BKERAZIK, HRMZK Z+UE, pREK—+NA
2L |- Pl N Nt & = 1 1
BE . KRAE, ME=H,
ARE: SEXRFTE—RIKREK, MFRZ ., B—EFWEHUREE, =+K
M7, — R, FHARHZ, P/ RIE, X srRin—H/PMRE,
mELRZ . BA+—RIEL, =+RH, —HIER, FHRz, B
B/hiE. A,

Ak HWEHAE IR

516

[ %] |
(1] XECM2ZZE5EBER—GBE, iCEER ZIMME. Kailhde.y,
c,vy, B d =fc? + ¢ =30, B {LEHR) AREEMA, 4 =£ﬁ;j +vo (¥8)
[2] FARBIRIERN: - + 30x - 144 = 0, (BF)
[3] FAARMIATER N : 2 -~ 30x + 81 = 0, (BK)

[ &%)
AH—HE, HAKELT ZRE, ZRRGZEK24F, NIRAHTEK 18
T, M: K. PRehxEH$ V7

& KRE~F, PRK=F,
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10. The two segments of a circular piece of laﬁd are occupied by water. The
chord of the large segment is 24 bu and that of the smaller 18 bu. ') Find the
shi of both segments.
Ans. Large segment, 6 bu;
smaller segment, 3 bu.

Process. Let the element tian be the shi of the large segment. From the

statement we have 144 for the negative shi, 30 for the positive fang, and 1

Y ol
"

for the negative yu, a quadratic expression (2! whose root is the shi of the
large segment. Again let the element tian be the shi of the smaller segment.
From the statement we have 81 for the positive shi, 30 for the negative

fang, and 1 for the positive yu, a quadratic expression!*! whose root is the

=
-+
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e}
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e
=
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e
e |

shi of the smaller segment.
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[ Notes ]

[ 1 ]A right triangle is formed by the two segments’ chords and the circle’s diameter.

Let the diameter be d, the chord and the shi of one segment ¢, and v, , and the chord and the

shi of the other c, and v,. Therefore,d =,1 c,? + ¢,? = 30. According to the gou gu ju yuan
(5)°

cai method in The Nine Chapters of the Mathematical Procedures, d = —2”-— +v. (G)

[ 2] The expression in modern form is the equation: —x* + 30x - 144 = 0. (C)
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A BRA—AKIKNEK, AdnfRF kKL, 53] 144 4 F HA, 30
A—RARZE, -1 ARBRAZE, FF+F5, FRKRAK, X: &
RA—ANREK, ARk REM, HBBLAFHM, 304 —K
MAEH, 1 ARBRAZRE, 75, FEDREK, HFEPE,

11.

[ B3]

SHBH—B, muds, EARNM, masx. FHEM, MWl PR,
FHZ, KRBE—-TNEARTN\PNUSNERSFE_2 "V Ha: L5
AR—HEMWK AV E, HEZ =FH b 2 5 UE ; FHm. &
MR =12, EMA S TRFESE 2 R B, WA, 2 K A%

L7

EE . BEES T, BimE—+=%;
- HMKA+T—ENSE, F—-+Ed s TE;
BwiE-t, Him/\¥,
ARE: rRIT—HNEMAE, mBRZ, BELFLENANTEART—H
“HAENSREE, —THYEAZTLEZHIUE NGRS,
At+=A-FT="—%H5 NN\ LE, —hF—F/Na/\+hixTH,
LA, =Fep Az, P BRMWE. &, KNBRZ. &6l




[ 3] The expression in modern form is the equation: x> — 30x + 81 = 0. (C)

11. A large circular tract of land — the ancient value of .1 — has a circular
pond —the mi value of 7 — at the top, a straight stream in the middle, and a
square pond at the bottom. The area of the dry land is 1868 bu 4 fen 9 li 5 hao
2 si.' ' It is said that 7 times a side of the square pond is less than the length
of the stream by 5 bu 4 fen 4 li, but exceeds 3 times the width of the stream by
2 bu 2 fen 4 li; the sum of a side of the square pond and the circumference of
the circular pond is 30 bu; and the diagonal of the stream is equal to the square
of a side of the square pond. 2! Find the circumferences, diameters, lengths
and width of the land, the circular pond, the square pond and the stream.
Ans. Diameter of the land, 64 bu;
circumference of the circular pond, 22 bu;
length of the stream, 61 bu 4 fen 4 i
width of the stream, 17 bu 9 fen 2 li;
diameter of the circular pond, 7 bu;
side of the square pond, 8 bu.
Process. Let the element tian be the circumference of the circular pond. From
the statement we have 77855126 bu 8 fen for the positive shi, 10553734 bu 4
fen for the negative fang, 532301 bu 5 fen for the positive first lian, 11880 for
the negative last lian, and 99 for the positive yu, an expression (! of the

fourth degree whose root is the required circumference. The other dimen-

sions can be obtained by addition and subtraction.
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[ %]

[1]“8” F2Z “MafERZE=4#4" B04952%, icREE. 2, B,
%, Hk. W, FWLRAINNI, 4, 1, 4, b, a,, a, WHEER, >4 -
139" - ab, - 4 = 1868.4952, (¥§)

[2] “#” TZ “MW4rpE", “Z4ME" 7380044248, 02435, WH: b,
~ 7Ta, = 544, Ta, - 3a, = 224, a, + I, = 30, Ja?+ b?= al, (%)

[3]“%" FZ “A4"., “H43". “B5" 258084, 044, 052 (¥)
FA R HARTER A 99x — 11880x° + 532301.5x% — 10553734.4x + 77855126.8 =

0. (&)

[ &% ]
AH—EE, AAfpsx, LA, nasese, PEAF—KFTH
W, kF Wy TERA—EF Bk, &52, £4218684952% ., R =&:
FEF M) —iA TR F K Y 544, P KF e ifé)
3485224, EFHidh—ia 5 Mkt Bl 304, K Hiue)st
fAdh EF Bl aE, @ BefpifasBi, L2, K, #
&A BV
2. Bweghiized ¥, BshBk229,
kFHresk 6144 F, M 1792 %,
Baesaia7H, EFHEG—AKEY,
K. EEA—AHEEAEAK, Ao FE KL, /52778551268 %4
A, ~10553734.4 K — KA R, 532301.54 =R £ %, —11880
AZ KRG, VARHRALRK, FORF, FELGB K, X
o B TAR B KZ . FHEPrFEl,

12.

[ /3 ]
ASEFE—B, AEFH, MOEARTSE, 42, ZFRAETA T



Q)

circumference of the pon

length of the suream

[ Notes }

[ 1]4fen91i5 hao 2 si following the bu is 0.4952 bu. Let the circumference and the

diameter of the land be / and d , the circumference and the diameter of the circular pond [
and 4|, the length and the width of the stream b, and a,, and the side of the square pond a,.
According to the statement we have —i— d* - ﬁdﬁ - ab, - a? = 1868.4952. (G)

[ 2] 4 fen 4 li and 2 fen 4 li following bu are 0.44 bu and 0.24 bu respectively. That
is, b, - 7a, = 5.44,7a, - 3a, = 2.24,a, + I, = 30,{a%+ b= a. (G)

[ 3] 8 fen, 4 fen and 5 fen following bu are 0.8 bu, 0.4 bu, and 0.5 bu respectively.
( G ) The expression in modern form is the equation: 99x* — 11880x* + 532301.5x* -

10553734.4x + 778551268 = 0. (C)

12. A square piece of land has a square pond in the center. In the center of the
pond is an observatory with a square tower. The sum of the three ji [ the area

of the dry land, the area of the water, and the volume of the observatory ] is

H X00q pu

Sumounun o oyl Jo Joul epep




sHIIE R

-6

AR Rz HER. 8 EE, ZNAF, —hE, —NE, i
FzZ, H¥AEHFE, £E—L—-R, GRARBFTENLR. G HFERS
SRR, 2 A = EREEEILET?

ZH., BAATHR; My - +HR;

fE—LAR, AR,

ARE: SLRIG—AFFFHE, mBRZ. BAT—A=1+=HIE%,

NBILtTERES, AR HERNE LR, —EMEZR, —+
R N, —RIER, mREFFZ, P B=R, AT a6,

§ B

[+~

[ F5 ]

[1]iEhH, FHKhK, UERFEHRLK. Ba5HRa, a, a,, h, WRE
%, (& - a?) + (a? - a}?) + a’h = 5056, (%)

[2]0LB: EwRFHRMw — w2+ 2w - (a, + h) = 0, Mw + a, = 11;
a, -h=9, a=a2 (%)

[3 ] FHRBIATER N, 25 - 22¢% + 1023 + 527x2 — 4697x + 8133 = 0. (PR )

[ % )

AR—FE, PRIA—EFHE, EFHEGPSHA—FE, &6,
ERHAS5056 R R&: HEe)—A @A G FHR,2H—RARERK, -
| hAKTRE, | ARBAAAE, Fir, RFFEmH &L
¥, BIL1R, 79[ RFEYGAKR VIR, FEIRERE TS
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5056 chi. 111t is said that taking the sum of the height of the observatory and
the length of a side for the negative shi, 2 for the positive fang, 1 for the
negative lian, and 1 for the positive yu of a cubic expression, its root in-
creased by the length of a side of the observatory is equal to 11 chi. The
height of the observatory is less than a side of the pond by 9 chi. The square of

a side of the observatory is equal to a side of the land. {?!Find the sides of the

three squares and the height of the observatory.
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Ans. Side of the land, 64 chi;
side of the pond, 25 chi;
height of the observatory, 1 zhang 6 chi;
side of the observatory, 8 chi.
Process. Let the element tian be a root of the given expression. From the
statement we have 8133 for the positive shi, 4697 for the negative fang,

527 for the positive first lian, 102 for the positive second lian, 22 for the

negative last lian, and 1 for the positive yu, an expression \*! of the fifth
' 523
degree whose root, 3, is the required root.

' Ehstnra-

pue[ 343 JO IpIS

[ Notes ]
[ 1] Let the side of the land be a , the side of the pond a, , and the side and the height

of the observatory a,and k . From the statement we have (a* - a?) + (aj- al) + al

h=5056. (G)



G KABF, Pl: 7E, FRHAK, ABRFTEHAIK, HEAH S V7
2. 789K 64 R, FHGAK22R,
FEHH 1L 6K, 668K 8 R,
A BRXA—H LEFFXEGTFH5 8, Aol ELLB, F38133%
TR, 4697 A— KA E¥, S2TH_KAL¥K, 12AH=KFR %
B, -2A09KREE, VARJRAZHE, FERF, AR3IR, #&
RIFF¥ HEPE,

A¥ HBHISE

13.
[ R )
AHEAE—E, WERL, WHEEREE, £452, SFEATHEE
MR, BE: &, WoARLERFZ, MM, A2, SHEAS,
HERFFEIMEAF R 42—, RREE R, 2 E; ZHER
GE& I
Q %E. BA=E-+WHR,; wE—EN+HER;

ERA=LAR, AENAR,
RE: TRTE—HEH, MBRZ , B—t— A - F-EEATANSE,
—TFHRANTREF, —TFABNAT/ N EEE, NE—T/N R
B, E+- WA, —NIER, MRS, D) 848, A,

524



(2] Thatis, if w is one of the roots of the equation w* - w? + 2w - (a, + h) =
O,thenw + a,=11; a, - h=9a=a?2 (G)
[ 3] The expression in modern form is the equation: x* — 22x* + 102x* + 527x% -

4697x + 8133 = 0. (C)

13. A circular field has a circular pond at its center. In the center of the pond
is a circular observatory. The sum of the three ji [ the areas of the land and
the pond and the volume of the observatory Jis 9504 chi.'' 1t is said that the
square of the sum of the square roots of the circumferences of the observatory
and of the pond equals the circumference of the land. The square root of the
circumference of the observatory is one-half of the square root of the circum-
ference of the pond and is less than the height of the observatory by 2 chi. ‘2’
Find the circumferences of the circles and the height of the observatory.
Ans. Circumference of the land, 324 chi,
circumference of the pond, 144 chi;
circumference of the observatory, 3 zhang 6 chi,

height of the observatory, 8 chi.

Process. Let the element tian be height of the observatory. From the state-
ment we have 112768 for the negative shi, 2544 for the negative fang,
1888 for the positive first lian, 616 for the negative second lian, 72 for the
positive last lian, and 1 for the positive yu, an expression > of the fifth

degree whose root is the height of the observatory.
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§:3:3

(1]5CEE, EMEEK, DERREGHREK. BA5HL 1, L, b, WAREE
B, (5P -5 + (517 -5 +Lih = 9504, (%)

(2T BP: (J1, 4102 =1, Ji, =31, h-[1,=2. ()

[3] FHRAIFCTERH: ¥ + 72¢% - 616x° + 1888x% - 2544x ~ 112768 = 0,
(B&)

HHIE N

gl

[ 4% ]
SH—Ew, vEA-Hk, B P sh—HE, 852, =R K504
R, Rz: Bé&. BARGRAKSATFF, /A, Ak, HEAE
ArAAF, XBEARSAFHARBRRGFH R 5, FHES
fMFH 2R, ¥ B, ERBK, AREAEHRAK, 58457
£. MaaA¥324 R, Bkt A¥ 144 R,
H&e9AK3L6R, BE65758 R,
R REA—ABMEHE, AdoRF R KAM, 48] -112768 4 F &
R, —2544 H—RAFZH, 18884 —RAA#, —616 4 = KA A K,
NARKREZK, | ARBARAZY, FERARF, FIAEHGH, #
R

14.
[ R3]
AHEEE—BK, B—T0E, K-+, FTHKERR—FT, ] [[).
fth g2 L7
BH . — Bz —,
ARH: SIRTTC—AEEME, WBRZ., H#—T—8-EHNHEE,
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[ Notes ]

[ 1 ]Let the circumference of the land be /, the circumference of the pond /,, and the
circumference and the height of the observatory [, and . From the statement we have
1 1, 1 ,2_1y: 12 _

G B -3 + G5 1551 45 L = 9504, (G)

[2] Thatis, (4 /4,02 =1, I =21, h-[;=2.(G)

[ 3 ] The expression in modern form is the equation: x* + 72x* — 616x° + 1888x? —

2544x - 112768 = 0. (C)

527

14. A circular pond is inscribed in a piece of land in the form of an isosceles
triangle whose width is 14 bu and length 24 bu.!'! Find the diameter of the
circle.
1
Ans. 105 bu.

Process. Let the element tian be the diameter of the inscribed circle. From
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IR MT, AHAE, FHFZ, 2 BEZ, &,
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[#%)

(1) iREEeE . KEFEOEEAINa, b, d, BEFEw = (1o +p
+5a)do (9B)

(2] FHRBHILER N 622 + 49x - 1176 = 0, (Bk)

(&% ]
Lk—4w, M1ad, k24 ¥, TR PE—AE, F: Bairh3
y?
£ 1029,
K ERA—HARERE, AR FERLMB, F8]-1176 4 F XA,
49 H— kA E M, 6 AR BHARALEK, F+5, FEMZE HEHFE,

15.

[ ®x ]

A AR B, WA, BRI . SR ANEE N —
B 1) fa): 2 MR ILAT?



L
35
the statement we have 1176 for the negative shi, 49 for the positive fang, s
3

and 6 for the positive yu, a quadratic expression 2! whose root is the re- o
quired diameter. 3
g
c
=
:
X
-
1~
&
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ch

[ Notes ]

[1] Letthe width and the length of the land be a and b, and the diameter of the

circular pond d. From the land’s area we have: ab = (J% a* + b +%a) d. (G)

[ 2] The expression in modern form is the equation: 6x> + 49x — 1176 = 0. (C)

15. A piece of land in the form of a right triangle has its gou equal to 18 bu

and its gu 24 bu. Inscribe a circular pond in the piece of land.'' ) What will be

its circumference?

Ans. 36 hu.



ngl H E—l_‘?‘qign
RE: ZRTT—AFWA, PRz, BtFEELHARIESE, =
HAETZOhtd, —HNIERR, FHFFZ, 2 B, &6,

[ %]

[1]i2aRENE . B, FREX Ha, b, d, B {LEER) AREEAR:

2ab
d = D _ ;
a+ b +yat + b (%)

[2] FARXMHILIER Y x2 - 2520 + 7776 = 0. (BR)

Sdk BFHIAE N

(4%
SRR KkE, J18%, K24 T, 2% THLE Rk, F: Bk
B¥A%r7
Z: 36%,
K. BRA—AEEGBK, AdofRFERLMR, 527776 AF &
M, 22K —KRAEM, | ARBLAARE, FF-F5, PEALSFF,

530

16.

[Ex)

SAARE—E, ARAE, BE—t+ "%, SHRADEIT T,
;A LA



Process. Let the element fian be the circumference of the inscribed circle.

ﬂ’lﬂoﬂ.
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From the statement we have 7776 for the positive shi, 252 for the negative
fang, and 1 for the positive yu, a quadratic expression'2) whose root is the

required circumference.
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[ Notes ]

[ 1) Let the gou and the gu of the land be a and b , and the diameter of the inscribed

pond d. According to the gou gu rong yuan method in The Nine Chapters of Mathematical

2ab
d .d = - . (@G
Procedures o (G) o

[ 2] The expression in modern form is the equation: x* — 252x + 7776 = 0. (C)

16. The gou of a right triangular field is 6 bu and the gu 12 bu. If a square
pond is dug respecting the gow, ! what is the value of a side of the square?

Ans_. 4 bu.

Process. Let the element tian be a side of the square respecting the gou.



ik WHHIEE

BE. W,
RE: SIRTG—NEHE, WERZ, B+ RBE, —FABM
J7, FEREHT—, ) @A E, A6,

% &

[ %)
[1]idAENEZ ., B, BFEFREAK S a, b, d, B ( LWEER) &5
m . - ab ;
BREH AR ‘i'a+b"" (%8)
[2] FAXPBARITER N 18x - 72 = 0, (BR)

[ $iF ]
AH—-REw, f6F, RI12F, S8NG LE—TFil, Fl: IEF &
WA KH % D7
£: 4%,
K REA—HEFRGHE, Do FxELM, B8 -124%
HR, 18— KRR, FAEFH, FIHEHROAK, HFEFTFE,

17.

[ FR3C )
SEBHY —B, MEAE, KR=1t_#, R+ T#¥, 8kTXK
AR —FT 12 [ AL



From the statement we have 72 for the negative shi and 18 for the positive
fang of a linear expression.'?! Solving this expression by division we ob-

tain the required side.

side

[ Notes )

| 1 ]Let the gou and the gu of the right triangular field be a and b, and the side of the

square pond d. According to the gou gu rong fang method in The Nine Chapters of Math-

ematical Procedures, d = ab (G)
a+b

[ 2] The expression in modern form is the equation: 18x - 72 = 0. (C)

17. A ladder-formed!'! field has its small width 8 bu, large width 32 bu, and
length 22% bu. If a circular pond is dug respecting the large width, (2] what
will be its diameter?

Ans. 19 bu 2 fen.

EJI‘OOE.
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ZH., —+ A",
ARE: SERT—HKAERARZ, PRz, B—F+=AA\F_AN+
FEEL, WTFNE/NEMNF, —B=1TILANE, FHFHFZ,BIEE

Bz, &l
'
AN
[ %]

[ 1] Be AT . /DREAH EIR, KEAETR. (FR)
(2] iCHEK/NE. XK. K, hEREZES R a,, a,, b, d, SGEERM F3F

...ﬂi‘- - a

HFN. KRS e, Weed=2 2, 420 (%)

2

[3] FHRBBRIER N : 13522 + 4608x — 138240 = 0, (BK)

[ &%)
SA—H#m, FASY, KMRF, KNTH. SRTFRAMEE—N
H, ¥l FiaBdizh % )7
. 192%.
K BRRA—AHERR, AR F &R 55 -138240 4 7 HR,
4608 H— KR A, 135 ARSGRAEZE, 175, AT EHELGE

2o, el

18.

[Fx)
SEHE—B, KA=+-%, MIAE, Kot 8%, RFIRE



Process. Let the element tian be the diameter of the pond. From the state-
ment we have 138240 for the negative shi, 4608 for the positive fang, and
135 for the positive yu, a quadratic expression *! whose root is the re-

quired diameter.

diameter

[ Notes ]

[ 1] A figure in the ladder-form is an isosceles trapezoid. Its small width is the

upper base and its large width the lower base. (C)
[ 2 JLet the ladder-formed field’s small width be a,, large width a, , length b , and

the circular pond’ s diameter d . And let the middle width be a,, which is in the circular

a, — a
pond and is parallel with the small width and the large width.Then, 2 - d _ 7=
4_4"% (g

b a —-a- (G)

[ 3 ] The expression in modern form is the equation: 135x* + 4608x — 138240 = 0.

(C)

18. A ladder-formed field has its large width 32 bu, small width 8 bu, and

1
2

field, {11 what will be its circumference?

length 22 % bu. If a circular pond is dug respecting the smaller end of the

HJI‘OOE.
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B —BF. () Al 2 LA
BE: W+,

RE: STRTT—A/MARR, WBR., BIEATHISE, —F-
FARBTT, —HEINE, FHTFZ, )RR, H2ikkz, 0 4
1,

rE

[ %)
[1)icHmEm/mE. X\, K, IEEZEY8Na,, a,, b, d, iCEMTFF
A KRN e, ML =222 b-d-2 "2 ()

a, — a, b a, —a,

(2] FFABHBRAIELN: 1522 - 128x - 960 = 0, (k)
(3] FLHT “RZ"” T “BERERZ, =2, PBHE" L, TLE (8)

[ 4iF)
SHE—#E, KMRF, LAY, K25F, SHTFIAEE—R
o, 8 PTABERBA SV
. 0¥,
R: BEA—AHDREEBZ, Ao FiLEH, 53 -960 4 ¥
R, —128A—KRARE, ISARKHRAREK, T¥+FH5. RA, &R
ZaERZ, AEREenR K, #F6PF,



Ans. 40 bu.
Process. Let the element tian be the diameter of the pond. From the state-
ment we have 960 for the negative shi, 128 for the negative fang, and 15
for the positive yu, a quadratic expression.[?! Solving the expression by
the zhi fen method, since the root is not integral, we have the diameter of

the circle.3)

circumferenc

[ Notes ]
[ 1 ]Let the ladder-formed field’ s small width be a, , large width a,, length b , and

the circular pond’s diameter d . And let the middle width be a,, which is in the circular

a, — &, b —d_
a, -a, b

pond and is parallel with the small width and the large width.'men,%’ =
a, —a;

g (6)

1

[ 2] The expression in modern form is the equation:15x? — 128x - 960 = 0. (C)
[ 3] It is unnecessary that Luo Shilin added nine characters “ de rong yuan jing,

san zhi, ji chi zhou " following “ giuzhi”. (G)
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[ B )
SHEEE—-&, WEEARSRE=/F, Az BEABRASE, Kb
£, —HINNS, TN, —HEB, THTFZ, BEMARZ,
SIS, ) [ SHBULT?
KE: NBREFESEHEAEZ =4,
ARHE: SERIT—AFFE, W#kZ, 8—a=+/hxE, —+t
AT, DRE, —RIER, Sz, 2 B3AE, LB, &
HEMEZE, X TRTE—HAEWE, ERZ, BET-E+S
B, “EEH M, —HEB, THFZ, D) B, R,
frsre  RWELREL FIMEE, EHNT, B2, Fl. M. 4T
W, &, UTFRZ, L, =2, Wii—. BN, UABAaZ, X
h, TIETI—. AR, 42, Ak, =2, B=wH, 466,

gl

[ %]

(1] H e =3, iCBHME., @238, d, wBIFFTAw? - S5w? + 14w
-(1-6) =0, w+d=48, (%)

(2] AHFRMBRIERXD: £ - 522+ 17x - 138 = 0, (PK)

[3] FHRABRIBRR: 2 + 252x - 5292 = 0, (PR)

[ 4] B ERNBARREAWT
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19. There are three equal circular ponds tangent to each other and tangent
internally to a large circular field. It is said if we take the difference between
the circumference of the field and 6 for thelnf:gative shi, 14 for the positive
fang, S for the negative lian, and 1 for the positive yu of a cubic expression,
and its root increased by the diameter is equal to 48 bu.[''Find the sum of the
areas of the 3 circular ponds.

36

Ans. 855 7 bu.

Process. Let the element tian be the root of the given expression. From the

e
—
T
7
L
e
7]

statement we have 138 for the negative shi, 17 for the positive fang, 5 for

the negative lian, and 1 for the positive yu, a cubic expression [?! whose

15INTHY 10 AHYUHEN

root is 6 bu. Subtracting this root from the given number, the remainder is

the diameter of the circumscribed circle. Again let the element tian be the '
diameter of one of the equal circles. From the statement we have 5292 for .

the negative shi, 252 for the positive fang, and 1 for the positive yu, a qua- 539
dratic expression!? 'whose root, a mixed number, is the required diameter.
To find the areas of the equal circles, reduce the root found to an improper
fraction. Square the numerator, subtract the numerator from the denominator,
multiply the remainder by the numerator and add this result to the result
obtained above. Take three-fourths of this sum for the dividend, square the
denominator for the divisor, and divide. The quotient reduced to lowest
terms is the area of one of the smaller circles. This area multiplied by 3

gives the required area of the three circles.'*’
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~(1-6) + 14x -52 + x* =0, XHINKEMEAE,

W, =6+ 14x - 522 + x°

B, 1 =3d+3 (48 - x), it d W KBEMERE.

=128 + 17Tx =52 +x =0, x=6, 48 - x = 42,

N4 x A=EAPNRAZ—HERE, TRRIER3 (42 - x) =42, HEF
~5292 + 252x + 22 = 0,

f#, 1 + 252 - 5292 ( 19%
19 + 5149
271 - 143
19

o 1old3 ., 5672

[ 143 (291 - 143) + (56?2)2]—}+ (291)2 = 285
(B&)

10476 12

[ 4% )
SAF—BE, AFPAIA BB ARREFAGE, R Baa A
BECT, FBEARNEHR, UA—KREK, SAHAZKRFAZK, |
ARBAFREK, FLF, AFEmAEEE, £F48F, F: 340
HEyEARFEA S 7 '
. 855% ¥
K: BREA—HLFFXAFFHK, Aok LM, 52 -138
AEKA, 1TA—KREK, SHAZKAZH, | ARBRARHK,
Faz, $26%, REKSY, RAMEZ, X RRAL—HH
Bty B2, ARG ERAM, 53] -5292 4 FHA, 252 4 —
KARY, 1 ARBRARK, FF5, FHEENELE, TA,
#L—Aa, KRELHBRAK: FlIBesERZ, 85 AT, B
£, EFE, 8. 5FiA, 2#HAHTFEZ, bk, FAIK
Z, B4, AL, AoEHRMES . ERLE, KA, 4
Z, LMo, B3, RAIANEEGER, FEHF,



[ Notes )

[ 1 ]Make =3, and let the circumference and the diameter of the circular pond be /
and d, w is one root of the equation w® — 5w? + 14w - (I - 6) =0, w +d = 48. (G)

[ 2] The expression in modern form is the equation: x* — 5x* + 17x — 138 = 0.
(C)

[ 3] The expression in modern form is the equation: x> + 252x — 5292 = 0. (C)

[ 4 1 The solution in modern form is as follows:

~ (1 -6) + 14x — 5x* + x* = 0, where I stands for the circumference of the large
circle.

Then [ = 6 + 14x — 5x* + x°.

But / = 3d + 3 (48 - x), where d stands for the diameter of the large circle.

S =128 + 17Tx = 522 + x* =0, x = 6,48 - x = 42, diameter of the circle.

Again let x be the diameter of one of the small circles.

Thenwehave 3 (42 - x) = 4x*, or-5292 + 252x + ¥* = 0

Solving, 1 + 252 - 5292 (19%—?—
19 + 5149
271 - 143
19
_ 10143 5672
x = 193597 ° o1 -

10476 12
[ 143 (291 - 143) + (5672)1]-}-:- (291)? = 285 goecror 2855 . (C)
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1.
[ R3]
AHHEHE =W, KL, gL, X Fut-Em, S
NPT, 48—, Rz FJl+—/, A, 28—, U HEDL
KHF, NBZEILK, f#X 8%, AmMArRK, XE=+HANTNA
ZHAR RIEKARALK R, HEHLK—R. 26 =AHZ
R UC AR U7
BHE: BTLHER, Z=1HM;
BAARR, 271 /\M;
#_LN\R, £=+=M,

O T
o m | =
1Ll O #
IZI0 NIET N 2

ARE: FRE, ERRAZ, B=6A8IICHLZE. P IXTK—H
BICK, mskZ, B=+HEANTFNETHAEE, =N,
—Ki5 LHE, “ R TEE, —NIER, =FHFZ,EHRERK, X
SERITT—RERILK, MERZ ., B=+HANTNE AN ESE,
R, —+—RHALEEE, NARTRE, —NER, =FFHZ,
BaEILE, ) X, SiRIJT—ANALK, WRRKZ. B=THANT



Fang Cheng Zheng Fu ( Simultaneous
Equations Positive and Negative )
8 Problems

1. With 273 liang of silk one can make 7 pieces of brocade and 1 of damask
and with 247 liang 8 pieces of damask and 1 of satin; with 242 liang 9 pieces
of satin and 1 of brocade. {' ! Subtracting from the square of the length of the
brocade the length of the damask, squaring the remainder and adding the length
of the satin, we have 358829 chi. The length of the damask is less than the
length of the satin by 2 chi but exceeds the length of the brocade by 1 chi.?]
Find the length of each piece and the amount of silk used each.
Ans. 35 liang of silk used in 25 chi of brocade;
28 liang of silk used in 26 chi of damask;
23 liang of silk used in 28 chi of satin.

Brocade 1 0 7
Damask O 8 1
Satin 9 1 0
Silk 242 247 273

Process. Find the amount of silk needed in each of the three colors by the law
for solving simultaneous equations with positive and negative terms. '*!Let
the element tian be the length of the brocade. From the statement we have
358825 for the negative shi, 3 for the positive fang, 1 for the negative upper

lian, 2 for the negative lower lian, and 1 for the positive yx, an expression */
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tAENBRE, —BR =88, EH—ANEE, —HEARET
B, —NIERE, =FHFFZ, o BAKK., &,

§::3 |
[1]icH. &, WELHLBO A, y, 2, WEENEXHY TR EYA,
Tx +y + 0 =273
0+8y+2z=247, ()
x+0+9z =242
(2], 85, FNIKD%Ha, b, c. BBP: (a> - b)? + c = 358829, ¢
-b=2,b-a=1, (¥)

[3] 768 1 8 0% 273 ¥ (1)
0 8 % 1498 247 % (2)
148 0% 69 4 1842 #£ (3)
(3) x 7, 788 0 4 -63 4 1694 #£ (4)
(1) - (4), 0% 1 & -63 44 ~1421 % (5)
(5) x 8, 8 &% -504 498  -11368 £ (6)
(2) - (6), 505 44 11615 #£

#, 23, (B%)
[4] FHRXMBRIER N ¥ - 208 - 22 + 3x - 358825 = 0. (BK)

[5] FHRBIALIERN: » - 6)° + 11y2 — 5y — 358826 = 0, (Bk)
[6] FHRAMILTER N, 2 - 1422 + 7122 — 153z — 358708 = 0, (BE)

[&iF]
ABBL2IIE, PTE, R 1K, XLUTH, RESE, BRFM1E,

X242, BRAMOK, L1, R KAK, REHEK, e
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of the fourth degree whose root is the length of the brocade.

Again let the element tian be the length of the damask. From the state-
ment we have 358826 for the negative shi, 5 for the negative fang, 11 for
the positive upper lian, 6 for the negative lower lian, and 1 for the positive
yu, an expression (31 of the fourth degree whose root is the length of the

damask. Again let the element tian be the length of the satin. From the

staternent we have 358708 for the negative shi, 153 for the negative fang,

71 for the positive upper lian, 14 for the negative lower lian, and 1 for the g,':
X

positive yu, an expression! ¢! of the fourth degree whose root is the length E
of the satin. =
-3

[ Notes ] £

[ 1] Let the amount of silk used by brocade be x, used by damask y, and used by
satin z. The equations are the same as the group of linear equations:

Tx +y + 0 =273

0+8y+z=247 (C)
x+ 0+ 9z =242
[ 2 ]Let the length of the brocade be g, the length of the damask b, and the length of the

satin ¢. From the statement we have (@ - b )2 + ¢ = 358829, c - b=2,b-a=1. (G)

[3] 7 brocade 1 damask 0 satin 273silkk (1)
0 brocade 8 damask 1 satin 247silk  (2)
| brocade 0 damask 69 satin 1842silkk  (3)

(3) x 7, 7brocade 0 damask —63 satin 1694 silk  (4)

(1) - (4),0brocade 1 damask ~63 satin -1421silk  (5)
(5) x 8, 8 damask -504 satin -11368silk  (6)



#HX Ak, ALK, HFS8820 R, L KILFHEK S 2R, K
KEIR, Fl: 4. %, AZERNLREREAHE VT
Z: 452 5K, £35m;
B2 6R, #28%;
W2 8R, £23%,
K. mFBALM, I ERK, F34%. %, A=HLFRHAL
¥, BEA-ABEK, AdefrF kKM, 53] 358825 A F &K
B, 3H—KAAK, - 1AKFRAEE, 2AHZKRAZE, 1 ARG
ARAK, Fuky, HEHEK, X RRAL—AHKBEK, e
kR, 73] 358826 AFHA, SA—KRAERE, 11 A=
KRB, 6AZRAERE, | ARSRAZK, FORF, FE4%
Lk, X ZEA—AALK, 2dofF kKL, 43 -358708
BHEBR, -153A—KREAREK, TV AZRAZRK, - 14 A=ZKAA
¥, 1ARGHARAZYE, FwRkFy, FEH/EK, FH&PF,

HHIIER

18

[ E3xx ]
AEK. #. SHREBESREAL, Rz KREE, #RAE,

GHEp, B /GE OKERSE, ERAE, GRGEY, HR=
+=3b, NOKBGRN, FRCPE, GRORE, HE=1H HOKAH
WM =4r2—, Z3MBASZH, BB a2 —, HBAHE
G . FIMAEB—E—+L, FIMOaRAS [ =@}
Y25 JLAAf 2
EHE Kk—ER, B GG
&\, R+



(2)-(6), 505 satin 11615 silk
satin, 23 liang of silk. (C)
[ 4 ] The expression in moder form is the equation: x* — 2x> - x* + 3x — 358825
=0(C)
[ 5 ] The expression in modern form is the equation: y* — 6° + 11y? - 5y — 358826
=0. (C)
[ 6 ] The expression in modern form is the equation: z* — 142° + 7122 ~ 153z -

358708 = 0. (C)

2. Millet, wheat, and beans are sold for 3408 cash. The weak half of the millet,
the great half of the wheat, and the middle half of the beans are equal to 28
dou; the middle half of the millet, the less half of the wheat, and the great half
of the beans are equal to 32 dou; and the strong half of the millet, the middle
half of the wheat, and the great half of the beans are equal to 37 dou. One-
third of the price of a dou of millet, five-eighths that of a dou of wheat, and
one-half that of a dou of beans amount to 87 cash; and the price of a dou of
wheat and a dou of beans amounts to 110 cash; the price of a dou of wheat is
less than that of a dou of millet by 8 cash. Find the amount of each kind of

grain and the price per dou.
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RE: GBS RZ, WIHE, ERRAZ. £78%, F
Fii%, HITEE.D =AM, MEiARZ, BoRAHAX,
B = e, ) SERT— AR, WELRZ . BATATENIE
5, —+ R, FEFER—, 4 BRI, X
RFe— B, WRRZ., BEEATARES, —+ X%,
BB H fi—, 5 BE AR, XERT—HEH, 10
BURZ, BHEEH+-N8E, —FHAT, ELFER—, 678
TR, A,

[ %]
[ 1] B8 AR B AEM TR 23, WMEAT I ERTUR
2 1 L aasuniies 9 6 3
I o 4 s
2 % 3 8 9 6
37 32 28 444 384 336

REAMBAFTRE A T EA
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Ans. Millet, 1 shuo 6 dou; p}ice per dou, 72 cash;
Wheat, 1 shuo 8 dou; price per dou, 64 cash.
Beans, 2 shuo 4 dou; price per dou, 46 cash.

Millet 9 6 3
Wheat 6 4 8
Beans 8 9 6 -
Total 444 384 336

=
m
=
7
L4
o
e”

e
e
e
==
=
-
2
e i |
<2
=
-
oy
]
e

Process. By the he fen method ['! and then by the law for the solution of
simultaneous equations with positive and negative terms, we obtain from
the left column the millet, from the middle the wheat, and from the right
the beans. [2! For finding the prices of the three kinds of grain use the
same method. We have 2088 cash for the total price. [*' Let the element

tian be the price of a dou of millet. From the statement we have 864 for the

positive shi and 12 for the negative fang, a linear expression. *’ By divi-
sion we have 72, the price of 1 dou of millet. Again let the element tian be
the price of 1 dou of wheat. From the statement we have 768 for the posi-
tive shi, and 12 for the negative fang, a linear expression [°! whose root,
64, is the price of 1 dou of wheat. Again let the element rian be the price of
1 dou of beans. From the statement we have 552 for the negative shi and 12
for the positive fang, a linear expression' ¢} whose root, 46, is the price of 1

dou of beans.

[ Notes ]

[ 1] Composition and division which means removing fractions by multiplying by



9x + 6y + 8z = 444

EHIIE N

6x + 4y + 9z = 384

5
Iy 3x + 8y + 6z = 336, ()
[2]) W5 (LEER) BEFR, RUAME, BHT, K.
X 0 0
o y O
0 0 ¢

16 18 24, (%8)

La +ib+ic=37

3 8 2
[3]AERAR, a+b=110 I 1 1 T4b 8a + 15b + 12¢ =
a-b=28 |

2088, (%5)
[4] FHFAHBEX R : -12¢ + 864 = 0, (BFR)
[5] FHFWBATR K. -12y + 768 = 0. (BK)
(6] FAHXMBAIERH: 122 - 552 = 0, (BR)

[ 4% ]
SHA, k. B, ARARITA08L, R BAM 7, £692,
BHy, KA LEAM S, k0l med, 1Rn4; K
ki3, kel 302, 174 AN L, X403, 2
FhesS, EAET X, LR, RAMLAR 0L, £HAKHA
V8K, M: K. k. EEZEHFHENNES S ST
£: K156+, 72X,
%158+, i 6s X;
8284, 46 X
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the common multiple as shown in the following solution: ==
3 1L bythe he fen method we have 9 6 3 g
4 2 4 =]
11 2 =
> 3 3 6 4 8 ?;1
2 3 ] Q
% 7 > 8 9 6 Eé
37 32 28 444 384 336 =
0

The expressions in modern form are the equations: 5

Ox + 6y + 8z = 444

6x + dy + 9z = 384 = =
p P
L=
3x + 8y + 62 = 336. (C) «w =
E sl
[2] Firstly, use the he fen method in The Nine Chapters of Mathematical Proce- E
' &V
dures to get the common denominator. Secondly, by cancellation it becomes: E
|
x 0 0 =

0 ¥ 0

0 0 Z

16 18 24. (G)

[ 3 ] Continue to use the ke fen method, make the first line of the group of equations

Loydpitc=87

3 8 2
c+b=110 become 8a + 15b + 12¢ = 2088. (G)
a-b=28

[ 4 ] The expression in modern form is the equation: —~12x + 864 = 0. (C)
[ 5] The expression in modern form is the equation: =12y + 768 = 0. (C)

[ 6 ] The expression in modern form is the equation: 12z — 552 = 0. (C)



K. BRSSP ERL, BlorBALM, I EAR, 2FREHT
¥, PITAEGHH, HARa04H8, XK, X, 2=/,
LRNMESFELZ, FH2F88L, A ZEHEMS., EEA—
ARFH, AR FTERAB, F2 864 AFHA, - 12AHA—KA%
#, L\aEAK, TaREHE, BRI, FRRFHT2L, X &KX
A=K, AT ERAM, 2768 4 FHRA, —12H4—K
REK, FEABFF, X, AIEHM64L, L: BREXA—HL
4y, AR kKRR, R3] 5524 HOR, 12— RARHK, 552
HAHE, 1244%, bz, A aFH46 L, HEAFE,

EHAIER

el

[ R3]
SHER, BHAZF—B, X\E—FTHIEZ/N\. Rza: BRXKREAS
ZhH, MEBR=42Z=, R, BEKASZ=, KR+ T8, XKER
=hz—, KBRWS2Z=, hit, B/AEAZZEH, RIE+HH, UMF
m=a2z—, KBU\SAZH, Rk, MARUSZ=, KR=t+—$.
XfEEK, SERFESE, 2 A EZHK, BEIUT?

. K=+, BN\¥,
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3. There are two pieces of land, one in the form of an isosceles triangle and

the other in the form of a trapezoid. The total area is 8 mu. From the sum of
five-sixths of the great width and two-thirds of the small width of the trap-
ezoid take three-eighths of its length, the remainder is 22 bu; from the sum of
one-thirds of its great width and three-fourths of its length take five-sixths of
the small width, and the remainder is 40 bu; from the sum of one-third of its
small width and five-cighths of its length take three-fourths of the great width,
and the remainder is 21 bu. ''! Twice the length of the isosceles triangle is
equal to the square of its width!2)Find the length and the width of the land in
the form of the isosceles triangle.
Ans. Length 32 bu;
width 8 bu.

-18 4 20 great width

8 -10 16 small width
504 9 -9 length of trapezoid
504 480 538 remainder in bu.
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RE: BUAMERZ, BWHR, EARAZ. EFRK, P79
INNE L, BATIR RN ) BRI, RAER AXIL—AE
K, sk, B=A=FtAEAHA\R@E, —HNIER, IHHF
Z, S BER=+"%6, X: AKXT—HEN, WBRZ, BEA
—+ WL, —ANME, EHFZ, ) BERAE. FRl

AR IR

-l of

[ %)
(1] OB EMAN . A, K381 N a, a,. b, WEEHWBRMY TR

R4,
2a +%a,-3b=22 20a, + 16a, - 9b = 528
$a, -2 a, +3b = 40, UBHARUBL: { da, - 10a, + 9b = 480, ()
-3a,+%a, +3b =21 ~18a, + 8a, + 15b = 504
(2] iCEHMK. W25 HRc, dBBD: 2¢ = & ()
[3] HEM (LEEAR) BELR, RHBAHE, FiHT, L.

b 0 0
0 a, 0
0 0 a,
64 24 36, (%)

(4] BEEHS, = 3 (a, +a,) b =2 (36 +24) x 64 = 19208 = 87,

_ o8 o_8
EHMEHAS, = 815~ 8 ISEC(E‘B)

[5] FHRMWBRIER K. - 32768 = 0, (PR)
[6] FHRBBALER N, £ - 512 = 0, (BK)

[ &% ]
SEA—HEW, HE, LERASSE, Rl REEKMNE



Process. By the he fen method and then by the law for the solution of
simultaneous equations with positive and negative terms, we obtain from
the left column the length, from the middle the small width, and from the
right the great width of the trapezoid. | *' The area of the isosceles triangle
can be obtained by subtracting the area of the trapezoid from the total area
given.*! Let the element tian be the length of the isosceles triangle. From
the statement we have 32768 for the negative shi and 1 for the positive
yu, a cubic expression' 3! whose root, 32, is the required length. Again let
the element tian be the width of the isosceles triangle. From the statement
we have 512 for the negative shi and 1 for the positive yu, a cubic expres-

sion'®) whose root, 8, is the required width.

[ Notes ]
[ 1] Let the great width, the small width, and the length of the trapezoid be a,, a,,

and b respectively. The equations of the problem is the same as a group of linear equations:

Sa,+2a, -3b=22 20a, + 16a, - 9b = 528
—:l).—al —%az +%b = 40. By the he fen method, it becomes{ 4a, — 10a, + 9b = 480. (G )
‘%“1 *%a; ....g.b = 21 ~18a, + 8:12 + 156 = 504

[ 2] Let the length and the width of the land in the form of the isosceles triangle be

¢ and d respectively. From the statement we have c =d%. (G)

[ 3] First, use the he fen method in The Nine Chapters of Mathematical Procedures

to get the common denominator. Secondly, by cancellation we have

b 0 0
0 a, 0
0 0 a

H#WG.
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PR S, RAEIHERND, 22F; AREBAMGT, K
L ER PN PERNPILE S B PN R S
2, RFREHERMGS , £201F, LEDRH2E, HEER
‘ FAF. Bl @esk] WMEA B V0

2. F\mK32Y, M8Y,

K: AALHEEL, BorBAKM, #3EAK, AFAHTH
¥, wAARNE, HAREXE, FTATRAXAHEGER, H
REEREEER, £AHLANER, REL—AHLEGE, A
A EKAM, F5] -32768 AFHA, 1 ARBHAARHEK, FiLF,
w2y, X BRRA—AEHOH, U FELLMR,
BB -S12AHFHOR, | ABRKHARAERY, Fis, FHNEHSHBY,
HARrE,

gk WFHAEN

4.
[ B )
AKW . 7 WEL, BAMH, FEBLHU=02, RE=4HZ—,
556 m—pok ZABWASHZ T, WETHAZ—, IEZF¥. REE
F | ZUBE=52 T, NG, [ R TR E ., JE, Rk
EFM, KX AR, AIFCERMS, B FAE -+ -RUEA+N
3, (2) [ BRSTHE I

BE. B—¥, 2—FZ%, B—F+ 28 it "] 13

I | [ |

(I I <

] | A
-lo -flo -l #

—

1l



[ 4 ] The area of the land in the form of the trapezoid is
S, =2L( a +a,)b =-%—(36 + 24) x 64 = 1920 square bu = 8 mu, and the

area of the land in the form of the isosceles triangle is §, = 3% - 8 =-i§5—mu. (G)

[ 5] The expression in modern form is the equation: x* ~ 32768 = 0. (C)

[ 6 ] The expression in modern form is the equation: x* - 512 = 0. (C)

4. Jia, Yi, and Bing each bought a certain quantity of silk. Jia says if he gets
two-thirds of Yi’s and one-third of Bing s he will then have 2= jin; Yi says
if he gets two-thirds of Jia’ s and one-half of Bing’ s he will then have
2—% jin; Bing says if he gets two-thirds of Jia’s and two-thirds of Yi’s he will
then have 251 jin. (17 From the square of the less half of the price of each
liang take the great half of the price of each liang, square the remainder and
add the great half of the price of each liang; the result is 2822484 cash. '*’
' Find the amount of silk each bought and the price per jin.
Ans. Jia' s silk, 1% jin;

Yi’ s silk, 1 jin 2 liang;

Bing’ s silk, 12 liang;

price per jin, 2016 cash.

lm.

SUMOWYUN N0 oLy JO Jouy eper

T
T
==
7z
4
>
o

'.'.'-'-r
-
o
pe =
—
=2
oy
g
P
Py
b
et




—gk BEHIIEN

558

ARE: B, B, FLUAEERZ, AR, ERARAZ, £7E8A
vz, PITIR L 22, ATTABH 4,13 SLRITT—HDEFM, IR,
B_ANTZAZTEENAHEAESE, N, WA ERE, I
HiEFEE, —ANIEMB, =FHAHZ, ¢ BN+, IN+AFZ,
BB Tt 051 &),

[ 5]

[1]icH., Z.. WE4L5Ra, b, ¢, WEHRHNESHY TLE RS,
a+-§-b+3Lc=2% 6a + 4b + 2¢ = 15
—gwa+b+%e=2-§+b P42, Erl: { 4a + 6b + 3¢ = 15, (5F)
%a+%b+c=22i d4a + 4b + 6¢ = 15

(2] B2 Fh N do HEP: [(él—a)z —%dli +% d = 2822484, (%)

[3]) el (LEHAR) EAAR, RBAHSE, FHT, R

c 0 0
0 b 0
0 0 a
3 1 . 1
T 15 15 o (¥B)

(4] FHEXHBRIER B, ¥ - 43 + 42 + 2x — 2822484 = 0, (&)
[5] 20142 SOFEALART LT 1I6 R 1 Fro (5B)

[ 4% ]

ST, L. AEE, SReEAKE, PARBRICLNST | B
wwl, wwodn, cuseanvesl sual, xwaln,
AREERIT. LEGES, FH2LF, REAAGL, ok, &K
HBNGL, RARLAK, BmEBAH S, L2822 7 84 X,
Fl: SAELBRLTHEHS D7



2 2 3 Jia’ ssilk

2 3 2 Yi ssilk

3 1.5 1 Bing’ ssilk
120 120 120 total

Process. Reduce the jin to liang then mutiply each term ( of the equation )
by the denominator. By the rule for simultaneous equations we obtain
from the left column Bing’ s silk, from the middle Yi’ s, and from the
right Jia’s[3) Let the element tian be the less half of the price of a liang.
From the statement we have 2822484 for the negative shi, 2 for the positive
fang, 4 for the positive upper lian, 4 for the negative lower lian, and 1 for
the positive yu, an expression [*! of the fourth degree whose root is 42.

Multiplying this root by 48 we obtain the price per jin.'*

[ Notes ]
[ 1] Let the amount of silk Jia bought be a, Yi bought b, and Bing bought ¢. The

equations of the problem are the same as the following group of linear equations:

a+2p+te=2t 6a + 4b + 2¢ = 15

3 3 2 Multioly it by d ,
2 1 1 ultiply it by denominators,
2 Y _ 15 (G
3a+b+-5c 22 and it becomes: 4a + 6b + 3¢ = 15. (G)
%H+%b+r=2% 4a + 4b + 6¢ = 15

[ 2] Letthesilk’ s price be d. From the statement we have: [(%d )2 - —gud-] 2 4
%d = 2822484. (G)
[3] Firstly, use the he fen method in The Nine Chapters of Mathematical Proce-

dures to get the common denominator. Secondly, by cancellation, it becomes:

c 0 0
0 b 0
0 0 a
3 1 1
ry IE lf . (G)

Il Y008 gu
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% PRIGK, L1F2H, 128, £FH27 16 X,
K PIELBALRFT, A FEZ, B BRAKMH, HIIEAR,
AT RFEL, PAITRLESE, 5T EL, RRXA—AHMHY
3, ARk KM, FRE) 2822484 A K KA, 2 H— KA AK,
AA—KRFAEK, AAZKAEZH, | ARBRAEZK, TRy, #
Bl42 X, A48 X, AL H, HEPTF,

st BHAIE N

5.
[ "]
SHZPE—B, RZ: FRP—, PR, BN, R—T+Ef.
AR, MR, R, St EE. PR, M,
BARIZ, A—tEH ) [ PRI

BEL BREAS.

O
(I TR T
DT T
= 1§ E ¥

RE: mF8, ERARAZ. E78/0, $7EPH, AIT8RX
#l.12) rXRFT—HPR, Bk, B—F BT RE, —
HIERE, FHHZ, Bl B, Gl

[ %)
(1] =B, FR. ARIHNa.b.c. WEHE K HRM



[ 4 ] The expression in modem form is the equation: x* — 4x> + 4x + 2x — 2822484
=0. (C)

[ 5] One jin was 16 liang before 1950s. ( G )

5. In a piece of land of three oblique sides ( scalene triangle ) the great side
plus twice the middle side minus four times the smali side equals 15 bu; twice
the great side plus three times the small side minus five times the middle side
equals 15 bu; and twice the middle side plus the small side minus twice the
great side equals 15 bu. !'! Find the middle leg.

Ans. Middle leg, 36 bu.

-2 2 1 pgreatside |
2 -5 2 middle side
1 3 -4 smallside

15 =15 15 bu

Process. By the law for the solution of simultaneous equations with posi-
tive and negative terms, we obtain from the left column the small side,
from the middle the middle side, and from the right the great side.'?’ Let
the element rian be the middle leg. From the statement we have 1296 for
the negative shi and 1 for the positive yu, a quadratic expression' >’ whose

root is the required leg.
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a+2b-4c =15

ST EA, 2a - 5b + 3¢ = -15, (%%)

WEEHAIE

%
T ~2a +2b +c=15
[2] thBPLAR :
¢ 0 0
0 b 0
0 0 a
45 60 75, (%)

[3] FHFAMARFER D x* - 1296 = 0. (BR)

[ 4iF ]

AH—RZHE, Rieil: 1456 K45 2456 Pobiamm, & 44260
&, £154; 2450 K4H5 34565 A4 dm, RSAEE P4, V15,
24 P4t 1436 0 EHAade, B0 K4E, £15F, Bl PHE
BAE D7

562 5. b H 6T,

K ke F 2 RKKE, BIEAK, £47F 04, PARPH, 557
k&, BEA—APHOH, AoBRFERKEM, F5] -1296 4F
KR, 1 ARFHRAZH, A5, R EHEH, HEHE,

6.

[Rx]

ASHERH, FHE B, t—t=mlaEZ—." Rz FH3HFHIA
—, FRAZ. £R=, SATHEAMERZ, 2AF. SOFNE . F
A—. Hfl—, SATE4SaEsz, 228 XONEZ ., £,



[ Notes ]
[ 1] Let the great side, the middle side, and the small side of the land be a, b, and

E“I‘WE-
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c respectively. The equations of the problem are the same as the following group of linear

equations:
(a +2b - 4c = 15

{ 2a-5b+3c=-15 (G)

L—2a+2b+c=15

[ 2 ]Namely it becomes

45 60 75. (G)

o =
=
[ =]
0 b 0 D —~
0 0 a ay
=
-
™
e
=

[ 3] The expression in modern form is the equation: x* - 1296 = 0. (C)

6. Two piece of land, one in the form of a rectangle and the other a ring,
contain 13% mul') The outer circumference, twice the inner circumference,
and three times the width of the ring exceed six times the diagonal of the
rectangle by 6 bu; twice the outer circumference, the inner circumference,

and twice the diagonal of the rectangle equal sixty-three times the width of
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5TASNEMARZ, PARE, 2 E: EEK, F&ILE?
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RE: W, ERRAZ. EFEERE, UH8LE, wijed
A, AFHBSME. O URBURILE, ANER, SRT— Nk, W
BORZ., BoEAT A TNENESR, ETFNEE+ANSL
564 B, —WIER, SFHIFZ, 4 BE. X wEKTE—-mK, MBS
Z. /B _BANTZH _FWENHE, A TFEAEE SN LEE, —
A, RHFZ, B, . RN, WELR, 8
NTFNE=1ARNHBEEE, —HER, FHFFZ, ! 8, X: siX
Tk, MBURZ. B F—H—+ARRL, —HIEB, FHF
2,1 185, &,

[ %)
[1]iCHE . SREMERSSINS,, S, WS, + 5, = 1350 (K)
(2] iESREROS. . 5002, HEABEINL, L, d. c. WHEHAEBH



the ring less 2 bu; twice the outer circumference of the ring, five times its
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width, and the diagonal of the rectangle exceed four times the inner circum-
ference of the ring by 4 bu; twice the inner circumference of the ring, four
times the width, and the diagonal of the rectangle equal twice the outer cir-
cumference less 6 bu. 2’ Find the length and the width of the rectangle.

Ans. Length, 70 bu; width, 24 bu.

-2 2 2 1  outer circumference -
¥

] . e

2 -4 1 2  inner circumference 172
o

cr

4 5 -63 3  width of the ring
1 1 2 -6 diagonal of the rectangle

e
=
—
x=r
]
el
(=]
-
e
=
-t
Lo
o
gt

-6 4 =2 6 bu

Process. By the law for the solution of simultaneous equations with posi-

tive and negative terms, we obtain from the left column the diagonal of the
rectangle, from the second the width of the ring, from the third the inner
circumference, and from the fourth the outer circumference. [*! From the
total area subtract the area of the ring, and the remainder is the area of the
rectangle. Let the element tian be the width of the rectangle. From the
statement we have 2822400 for the positive shi, 5476 for the negative up-
per lian, and 1 for the positive yu, an expression [*! of the fourth degree
whose root is the required width. Again let the element rian be the length.
From the statement we have 2822400 for the negative shi, 5476 for the
positive upper lian, and 1 for the negative yu, an expression' 3 lof the fourth
degree whose root is the required length.  Again let the element tian be the



I+ 2], +3d ~6c=6

2l +1, - 63d + 2c = -2
MTFLTRA, o (FB)
2!1-4£2+5d+e=4

BHESIE R

gl

-2l +2I,+4d + c = -6
[3 ] B BEARMIE ARLR: ¢ 0 0 0

74 10 120 180, (¥R)
[4] FHFRBIRIER R ¥ - 5476x7 + 2822400 = 0, (BR)
[5] FHARMBRTERN: - + 547657 - 2822400 = 0. (BR)
(6] FFHRMBRTERA: » - 8836 = 0, (Bi)
(7] FHRWIARTERR: 22 - 2116 = 0. (BR)

[ 4% ]
AFEW, REE—K, BRELH, RE: HREH L6,
24560 B, 34Eey FARAAmm, hetE AEA 2 6 Y, L Eey 24
Wb . 14269 F A, 2488 AmdtAatm, lLe3 e Lz 2, XH
FEE245H R . SEMER, 1M Awsdam, a4t T A % 4
¥, XWEFREH 2B TR, 445649 RB 12 AT, L2456
sShAY 6, Bl Awmesk, MEAH S ST
2. Hwm¥k70%, B24 %,
K wFRALEM, HINERAR, 2473404, F_TAREE, #
ZHARPR, AAAA. XRBGRRELBR, &4 LEHE
£, RRA—AHAWAE, AdefRF kR M 15 5) 2822400 4 F
A, —5476 A= KAEK, | ARGRAZHK, Fwky, {2 L
W6 L RERA—HEAEGK, DG RN, 72

566
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sum of the width and the length. From the statement we have 8836 for the
negative shi and 1 for the positive yu, a quadratic expression' ¢] whose root
is the required sum. Again let the element tian be the difference between
the length and the width. From the statement we have 2116 for the negative

shi and 1 for the positive yu, a quadratic expression (7] whose root is the

required difference.

[ Notes ]

[ 1 ]Let the area of the land in the form of a rectangle be S,, and the area of the land

W
F
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&
s
]
o ]

o
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- =
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s |
i =
-
bt
Co
-
-
]
&n
rrm

in the form of a ring S,. Then, S, + §, = 135 (G)
[ 2 ]Let the outer circumference, the inner circumference , the width of the land in the
form of a ring be /,, 1, drespectively, and the diagonal of the land in the form of a rectangle

¢ . Then the equations of the problem are the same as the following group of linear equations:
I, +2l,+3d-6c=6
2, +1,-63d+2c=-2 (G5)

2l -4, +5d+c=4
567
-2l + 2L, +4d + c = -6

[ 3] By the law for the solution of simultaneous equations with positive and nega-

tive terms, i1t becomes:

0 0 [ 0
0 0 0 I,
74 10 120 180. (G)

[ 4] The expression in modern form is the equation: x* — 5476x* + 2822400 = 0.

(C)
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—2822400 A FHA, 5476 A KRR A, -1 ARXRBHAAREK, Fw
K7, FEAEHK, X RRA—~AHABRGKEHF, AdefRFik
KA, 142 8836 AFHA, 1 ARBHRAARK, FF+F, #34
HEgKEfe, X: BRA—AARGKEE, AT ELLME,
B 2116 AFHEA, 1 ARFBHARAARHK, F+F5, FHABSKE
£, HEME,

7.
[ R )
SHEARE—B, BAKM—., BKM_ ., A%K=R3t, NBBRZR
W, RAAR+TE, XaEM", BRf—, BREE=h3, ABE%
B, L%, NEGEN=, GEE . BEB—R%, NEMBK
M, RE+HESL, URZEH ., A%RBE—. BEZE= 3, AA%
M=, KRZ+NA&L U [E]: 4, &, Z&ILf7

EE: A—t%, B=1FH¥, =1+t

Woomoon | wE
R O N 3
W I A
N W m
1L E TL =lo %

AH: AR, ERRAZ. ETREREEK, KITEA%Z8, KiTH
fRIZA, HITRAEM, Y A RITT—HE, WBRZ. #—aHE+



[ 5 ] The expression in modem form is the equation: ~x* + 5476x* - 2822400 = 0.
(C)
[ 6 ] The expression in moder form is the equation: x> - 8836 = 0. (C)

[ 7 ] The expression in modern form is the equation: x> - 2116 = 0. (C)

7. A piece of land is in the form of a right triangle. The sum of the hypotenuse
and the base, twice the sum of the hypotenuse and the leg, and three times the
difference between the hypotenuse and the base exceed four times the differ-
ence between the hypotenuse and the leg by 260 bu; twice the sum of the
hypotenuse and the base, the sum of the hypotenuse and the leg, and three
times the difference between the hypotenuse and the leg exceed four times
the difference between the hypotenuse and the base by 76 bu; three times the
sum of the hypotenuse and the base, twice the difference between the hypot-
enuse and the base , and the difference between the hypotenuse and the leg
exceed twice the sum of the hypoténuse and the leg by 55 bu; twice the hypot-
enuse and the leg, the difference between the hypotenuse and the base, and
three times the difference between the hyputenuse.and the leg exceed three
times the sum of the hypotenuse and the base by 28 bu.'' 'Find the hypotenuse,
the leg, and the base of the right triangle.

Ans. Base, 12 bu; leg, 35 bu; hypotenuse, 37 bu.
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WU hst, —ANIEM, FHIHZ, B /e, LXIT—HE, WEK
Zo B—T B - THEEE, —NIER, FIHZ, B, &
RIC— A%, MBRZ, B—T=AA T AEE, —HIER, VF
FZ, B BIK. &l

HHAIE N

It

[ %)

[1]i2a5%H, B, A5%38 . Hﬁ?ﬁﬁ?fd‘%’]iﬁp, q, r, s, WEBHKEZEXH
p+2q + 3r - 4s = 260

2p +q—4r + 35 =76 .
HTRMTEA, o (#B)
3p-2g+2r+s=2>55

=3p+2g+r+35=28
[ 2 | 3@ BAFIEAARMK: 0O 0 O

L2

0 r 0 0

0 0 g O

0O 0 0 p

2 25 72 49, (¥)
570 [3] FHRMIRTERN: - 144 = 0. (B)

(4] AL N 2 - 1225 = 0, ()

(5] FHAMBIEAS: »* - 1369 = 0. (BF)

[ 4% ]

AF—RE, R14E6 4 ER, 245689 EM, 34664 ZEAM, A
P AR TER, 260 F, B2 e 1EHRER, 345
Rk IZA AR, AP R E4EH G, £T76F . BRIEBHHZEF, 2
Frdh ) 528k | ARG IR GRS A, A PR L 24 ER, £55F . K
QAERI R GEAe | | FE 60 B AR 3ME S IR ER AR, AT R X 35045
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1 sum of the hypotenuse and the base
2 -2 1 2 sum of the hypotenuse and the leg
2 4 3 difference between the hypotenuse and the base
3 1 3 -4 difference between the hypbtenuse and the leg
28 55 76 260 bu.

Process. Applying the law for the solution of simultaneous equations with

positive and negative terms, we obtain from the left column the difference
between the hypotenuse and the leg, from the second the difference between
the hypotenuse and the base, from the third the sum of the hypotenuse and

¢
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cn
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the leg, and from the fourth the sum of the hypotenuse and the base. 2! Let
the element fian be the base. From the statement we have 144 for the nega-
tive shi and 1 for the positive yu, an quadratic expression’ > whose root is the
required base. Again let the element fian be the leg. From the statement we
have 1225 for the negative shi and 1 for the positive yu, a quadratic expres-

sion (4} whose root is the required leg. ~ Again let the element tian be the

hypotenuse. From the statement we have 1369 for the negative ski and 1 for
the positive yu, a quadratic expression [ whose root is the required 571

hypotenuse.

[ Notes ]
[ 1] Let the sum of the hypotenuse and the base be p, the sum of the hypotenuse and

the leg g , the difference between the hypotenuse and the base 7, and the difference be-

tween the hypotenuse and the leg s. Then the equations of the problem are the same as the
foliowing group of linear equations:

p+ 2q + 3r-4s =260

2p + g - 4r + 35 =76 _(G)

3p-2g+2r+s=235

-3p+2q+r+33;—'28
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Fo, #28% ., F: . B, ZEHE?
Z: H12%, B35Y, #E3TH,
K i BRAKM, BIERK, £RRER, FITHNEK, #
EATARR R, AATR A ER, BRRA—AEH, ARFELELH,
2] -1 AFHEA, | ARSAAZK, TF+5, #84H, EKXL
— AR, ARy kR, B 12254 F A, L ARBHRA R,
FEFH, FIK, BRA—HZ, Ao FEKER, 435 -1369 4
FHAR, 1 ARSHRAZE, FF+F5, FHE, FEF,

8.
[ Ex )
ASHVE . LW, . I E—F. A% FRBBLSZ—, STH
BB Z =, FFRRESZ=, BIFBRASZA, B-R, XF
BB Z —, SHEBRSZ =, SERRNSZ—, BFEFR
2N, REZR, Xy FABRNSZ—, SHERASZZ, B
BERESZ—, BEEBR=42 =, B=R, YEFBRESZ—, 5L
FREASZN, FARR=42Z—, BRFIEBRLSZE, RES
R U HsrABRARREFE—R, MEIHE—R, WFER=4Z
—. (21 &), P IUT?
%E . FEBAR, vHAZNR,
SE AR, MHFHER=R,

= 1= o Il
g ME ME o

_ ¥
WL IEW L
lo o Mo e &
me filo e To 3%



[ 2 ] By the law for the solution of simultaneous equations with positive and nega-
tive terms, it becomes: s 0 0 ]

r 0 0

0

0O 0 g O
0 0 0 p
2

25 72 49. (G)
[ 3] The expression in modern form is the equation: ¥ -144=0. (C)
[ 4 ] The expression in modern form is the equation: x* - 1225 = 0. (C)

[ 5] The expression in modern form is the equation: 2% ~ 1369 = 0. (C)

8. There are a circle, a sphere, a square, and a cube. If from the sum of one-
ninth of the area of the circle, two-ninths of the volume of the sphere, and
three-fifths of the area of the square we subtract eight-ninths of the volume of
the cube, then we have 2 chi for the remainder. The sum of one-ninth of the
area of the circle, two-ninths of the volume of the cube, and one-fourth of the
volume of the sphere exceeds four-fifths of the area of the square by 2 chi; the
sum of one-fourth of the volume of the sphere, two-ninths of the volume of
the cube, and one-fifth of the area of the square exceeds two thirds of the area
of the circle by 2 chi; the sum of one-fifth of the area of the square, four-
ninths of the volume of the cube, and one-third of the area of the circle is less
than seven-ninths of the volume of the sphere by 2 chi. !'! The diameter of
the sphere is less by 1 chi than a side of the square but exceeds by 1 chi a side
of the cube and equals two-thirds of the diameter of the circle. (> Find the
four matters.
Ans. Diameter of the circle, 6 chi;

diameter of the sphere, 4 chi;
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RE: SUASERZ, KR, ERRAZ, £AEHR, K
BT, VAT ER, HITEFRR, 2 H#2, BB,
KIE— R FEE, MFSR ., B THEAFOHNEE, £+
H . EHasHE, FAME, LFZ, I EEER, X wERT—
BB, WERZ . BEEA T ANSSE, T AT, — N
B, TONIER, s, ) ByEE, X wRE—HENE,
WBSRZ . BEENEE, SR, —HA bR, TN
WEE, wHFZ, () BYHE. . TRIT—HILHE, WER
2 BT ARNRT, — I, — TR MR, T,
SAFRZ, ) AR . AT

Ak WEHIIE N

[ %)
(1] EEER, B, FEHR. LHRSRINS,, S, S, S, WEENE

- AME TR BRYA
e

1 2 3

CRR R
574 1 1 4

ﬁ'Sl-!-TS —-'5-8-1'

o LIEARALER

(55 + 108, + 278, - 408, = 90
208, + 455, ~ 1445, + 405, = =360

~120S, + 455, + 368, + 408, = 360

\ 158, - 355, + 95, + 205, = - 90

(2] iEEEE. CEE, EHE. SHESN, d, a,, a8
a -d,=1,d,-a,=1, d2=%dla (%)

[3] WA (LERAR)Y NEgaAR, RKEAHE, HET, Hk:



side of the square, 5 chi;

side of the cube, 3 chi.

15 -110 20 5 circle
=35 45 45 10 sphere
9 36 -144 27 square
20 40 40 -40 cube
-90 360 -360 90 total

Process. Applying the he fen method and the law for the solution of simul-
taneous equations with positive and negative terms, we obtain from the left
column the volume of the cube, from the second the area of the square,
from the third the volume of the sphere, and from the fourth the area of the
circle. | Adding we have the gong ji. Let the element tian be the diam-
eter of the circle. From the statement we have 2484 for the negative shi, 72
for the positive fang, 3 for the negative lian, and 10 for the positive yu, a
cubic expressiont*! whose root is the diameter of the circle. Again let the
element tian be the diameter of the sphere. From the statement we have 368
for the negative shi, 16 for the positive fang, 1 for the negative lian, and 5
*for the positive yu, a cubic expression ! whose root is the diameter of the
sphere. Again let the element tian be a side of the square. From the state-
ment we have 390 for the negative shi, 33 for the positive fang, 16 for the
negative lian, and 5 for the positive yu, a cubic expression' ®] whose root is
a side of the square. Again let the element tian be a side of the cube. From
the statement we have 348 for the negative shi, 29 for the positive fang, 14
for the positive lian, and 5 for the positive yu, a cubic expression'’! whose

root is a side of the cube.
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0 0 S
27 25 36 27, (¥B)

[4] FHFABBUCHERS: 100° - 322 + 72x - 2484 = 0, (BE)

[5] FHRBIUCERH: 52° - 2 + 16x - 368 = 0, (FE)

(6] FAHXABULER N 52 - 1652 + 33x - 390 = 0. (Bk)

(7] FHRAMBRIER N, 5x° + 14x? + 20x - 348 = 0, (BE)

[ &%)
ABA—W. K. EFH, Exth. Az REBROT, HERHS,

EFH BB, ﬁ#&%ﬁﬁ#%ﬁ%& BAE2R 1&@@#%

5, EF %%#ﬁg,ﬁﬁﬁﬁ4,#%ﬁ%iﬁfﬁﬁﬁs.TEZ

R; ikﬁﬁﬁﬂl ifﬁﬁ#%z,iﬁfﬁ#ﬁl H Aok & W
ﬁ#ﬁ— a@z& xamxﬁ@ﬁﬁ—,ﬁwﬁ¢#ﬁ~,Mﬁ#

ﬁ#&%ﬁ%ﬁ%-,xizﬁ mﬂﬁﬁmixﬁﬂk}lﬁ
#mmﬁﬁﬂkﬁlﬁ %%fﬁﬁ&%3am WAz, RAEZ, E

AHAK, EFKRIAKEH $ V7

%: WABGOR, KHIZ4 R,

EFHiAKSR, EFKAKIR,

R: AREGTHKZ, BiFBALEMR, BIEAR, £FFEHFK
AR, $oATREFHER, BITRRER, EABNER, $E
a2 AR, BREXAL—ABLRE, ARFELXLH, 535
—2484 AFHA, NA—KREHK, 3AHA_KAEK, 104FHkK
REXK, Finsv, FEEAERZ, X EXA—AKRER, AdefF
EXELM, HF) - 368 AFHA, 16 HA—KFEE, -1 A_KF 4%
¥, SARBHAARK, Fis, Fa%ir, X BRA—HE
FHiaK, AwBRFERLLMR, 55 -300AFHA, 33H—4%KAE
B, 16 A=—KREHK, SHARBRKAZRK, ik, HEEFHD
%o X RRAA—AHEFRALK, AR FELKEM, 53] 348
AFHER, 94— KRARK, VA_KAZE, SAHARHRAZEK,
Fim, JFREFHLK, FEHF,



[ Notes ]
[ 1] Let the area of the circle be S, the volume of the sphere S, the area of the

square S, and the volume of the cube §,. Then the equations of the problem are the same as

the following group of linear equations:

1 2 3 8 _
9SI+§SE+?SB_§SA_2
1 1 4 2
951+?S2 '-5"453'!'?34:-2
25 ,1g, 15,2
33|+4 S, + SS]+9 S, =2
1 7 1 4

By the he fen method we have
58, + 108, + 27§, - 408, = 90
208, + 455, - 1445, + 40§, = -360
-1208, + 458, + 365, + 408, = 360

. (G)

158, — 355, + 9S, + 20S, = - 90
[2] Let the diameter of the circle be d,, the diameter of the sphere d,, the side of the
square a,, and the side of the cube a,. From the statement we have a, - d, = 1,d, - a, =
1.d,=% d(G)
[ 3] Firstly, use the he fen method in The Nine Chapters of Mathematical Proce-
dures to get the common denominator. Secondly, by cancellation, it becomes:
s, 0 0 0
0 s, 0 0
0o 0 s 0
0o 0 0 &
27 25 36 27.(G)
[4] The expression in modern form is the equation: 10x*> — 3x* + 72x — 2484 =
0. (C)
[ 5] The expression in modern form is the equation: 5x* — x* + 16x - 368 = 0.
(C) |
[6] The expression in modern form is the equation: 5x* — 16x* + 33x ~ 390 = 0.

(C)
(7] The expression in modern form is the equation: 5x* + 14x* + 29x - 348 = 0.

(C)
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1.
[ Ex)
AATTE L EIR— R, BT, S MTHRAA TS, (1 6] BILAT?
E: T4
REL: S RTT—HBIUE, MBURZ ., BT AERES, —t
MR F, TN, P2, 2 BBUE. A,

&:3:3

[1]Hw =3, i EERE. 88, IR, 8&FAMEZ AL, 1, v, c, B
FEEBTNGE, RANEEREZ, WH (WEHER) BRERMARL =
(Fo)? | v, 3¢ = 1, (9)

v

(2] FHFRBPRTERHF: 2 - 10x + 1.96 = 0, (FR)

[ 4% )
AR —RAAERK, AERRZI0T . SRR B RAGERA 84T F:
BMARHZD?

. 249
R: BEA—HABRTAE, Ao FERKEB, 52 1.96 HFHA,
—10A—RFAEE, 1 ARBHARALRHEK, FF+75, HIAKME. F&

FriEl o



Za Fan Lei Hui ( Miscellaneous
Problems )
13 Problems

1. From the top of a sphere of sandal wood 10 cun in diameter a spherical
segment is cut whose circumference is 8 cun 4 fen! ' Find the thickness of the
segment.
Ans. 2 fen.
Process. Let the element tian be the thickness of the spherical segment.
From the statement we have 1 cun 9 fen 6 li for the positive shi, 10 cun for
the negative fang, and 1 cun for the positive yu, a quadratic expression (2]

whose root is the required thickness.

[ Notes ]

[ 1 ]Make 7 = 3, and let the diameter of the sphere be d, the circumference of the
segment /, the thickness of the segment v, and the diameter of the segment c. The thickness
is the shi of the arc of the segment, and the diameter of the segment is the chord. Then from
the gou gu ju yuan cai method in The Nine Chapters of Mathematical Procedures, we have

1 2
(2(:) +v=d,3c=1 (G)

[ 2] The expression in modern form is the equation: x> — 10x + 1.96 = 0. (C)

HHOOE.
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2.
[ R3]
SHENEH, HE—TZR-EtEN+HE, Ra: SMAs/\+H3 X
5 AR —E TR, EERUR R 35 B L2
ZHE.: EXFE=1701, mHr=ah 3
ARE: SERIG—RIHEY, WBRZ, B—F+ A =a,1TH#EX, —
ke dy, —RIER, FHFZ, 2 BEs. Gl

2
[1 )30 MR, W X 12144 ¥a, stavgsy 12744 g5, gy 12744

X X

85 + 126 = 9x, (%F)
[2] FHRMBRAERH: 2 - 14x - 120360 = 0, (FR)

[&iF)

SAARE 12 744 TREB, RE: BIMAES X, LM

BB A 126 AL AR AH, TRBRIMA, Fl: 3 T6EHGME
A EH Y7
5. A EBE6H, BHMM 354X,
K R A—HEHA, Adoi ik KM, 755 —120360 4 ¥ #A,
M H—kT A, | ARBAALRK, FEF, FAERN. B
e,

3.
[ B3]
SEERDIHR, AR, HE—T_AW. A% SHENABHEIE,
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2. A man bought a number of bottles of wine for 12744 cash. The duty on
each bottle was 85 cash and the commission 126 cash. The man had no more
money with which to pay so the custom-house took 9 bottles of his wine, the
cost of which was equivalent to the amount of the charges.!' ' Find the number
of bottles of wine and the price per bottle.

Ans. Bottles of wine, 36;

price per bottle, 354 cash.
Process. Let the element tian be the price per bottle. From the statement we
have 120360 for the negative shi, 14 for the negative fang, and 1 for the

positive yu, a quadratic expression’2! whose root is the required price.

= '-:I
-
&
&

[ Notes )

12744
X

the money for the duty is 12144 x 85.Then, 12144 x 85 + 126 = 9x. (G)

[ 1] Let x be the price per bottle,then the number of bottles of wine is ,and

[ 2 ] The expression in modern form is the equation: x*> - 14x — 120360 = 0. (C)

3.A merchant owned a certain number of pearls which cost him 1200 taels of
silver. The duty on each pearl was 4 gian. Since he had no money left he took
7 pearls with which to pay the duty and received 8 taels 2—% gian in change!'’
Find how many pearls he owned and the value of each pearl. ,
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HEALH, WSER/ M _RNSTERZ U ) Jok BB & L2
BFH: mHR—B=1TILH8, i/ \PRN\ERLTE&EZ/\.
RE: SERITT—HTERE, WBRZ, B—T/\TNLTRHIER, —F
ANTT AT, AR, FAZ, P RsRE. X i RkKou—H
Fr, MPCRZ .. BU+=AZF ka3, CAN+TART, A=
AIERS, FHFZ, B Bt AR, HZMERZ. FlH.

[E%]

[1 1iExmsrs, wmpny 120 st 1200 7 - am22 4, Bt
7- 825 M= 4x. (%) |

[2] FHAMARIERS: -9 - 185x + 189000 = 0, (BK)

[3] FHRMBARIR N : 63x2 - 740x - 432000 = 0, (BR)

1200
X

[ &%)
AHEAEEL R, Rl B3, H1200 %4k, A= SHARIER,
AATHTE, LB EAR® 25 AR, Pl SRR R BRBAEB
S D
. RARSH 1358, 5085 85K,
K. BEA—HRAGSKRY, ARG HRKLM, /2 189000 4
FHA, —185 A —KRAERH, 9ARFRAZEK, F-FF, #t4H
h¥. L. BRRA—ASRGEBRN, AR5 ERAMR, 732
~432000 A FHA, -TA0H—RALH, 3 HARSHRAREK, FF
7, HHEEBA, FFFRA, é&.ﬁﬁié}ﬁi—ﬁiarﬁ%ﬁmﬂg



Ans. Number of pearls, 135;
value of each pearl, 8 taels S—gqian.
Process. Let the element fian be the number of pearls. From the statement
we have 189000 for the positive shi, 185 for the negative fang, and 9 for the
negative yu, a quadratic expression 2! whose root is the number of pearls.
Again let the element tian be the value of each pearl. From the state-
ment we have 432000 for the negative shi, 740 for the negative fang, and

63 for the positive yu, a quadratic expression’*! whose root is the required

value. Solving the expression by the zhi fen method, since the root is not

integral.

[ Notes ]

1200
x

[ 1] Let x be the number of pearls, and the value of each pearl ,then the money

1200
X

for the duty is 12;0[] x 7 — 8 taels 2% gian.Therefore, x 7 — 8 taels 2% gian =

4x. (G)
[ 2 ] The expression in modern form is the equation: -9x* — 185x+189000 = 0.(C)

[ 3] The expression in modem form is the equation: 63x> — 740x — 432000 = 0.

(C)
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4.
[ R3]
S NER, &, FBtARANEL X, Rz AREFFFZ, A
A4, HBHABRANATL, XFFENMHE—-F _+HTAZ—T=,
AR=+3, 5HFE. ! H: &, FMEBEH. S5FHH M2
BEH: AREFANAB_+TEX, 8SRAMN=TAXEThTXZN,
ZHAMAF-+ERA, AR a1+ R
ARE: IXFTL—RHEE, WBRZ, B=F _A=1+AAATHL
+HRIEE, —A—F="-t LRkl , —HER, FHAZ, 2/
A RIKERZ. 7.

[ %)
[l]ﬁxﬁ\ *Uﬁ\ Hﬁﬁ‘ﬁuﬁﬂ; PsT, ]H:EF: a +p = 9850,5'{' a= 56901.

J—F= 11235 Feo (%}
[2] FHFERHIATER R, x* - 11379x + 32366250 = 0, (BR)

[ 4% )
ABAEY, AEAELKEIRE0L, RE: HARFTFH, Mo
AAB, AFSK690 X, X LB FHEFTHH{5. AE0X,
5A KR, Fl: Ak, ABRAAK, SROAMNEH S 7
. ARST62S X, HHeAA 65X,
s AH20ARAE2 8, A447 225 L, |

R: REA—H AL, AdRFELLE, £35)32366250 A F LA,

11379 A — KA Ak, 1 ARBAARK, FFF5, HALAH, L

SFoERZ . HEFFE,
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4. A man in order to receive certain things from a pawn-shop has to pay for
money received together with interest 9850 cash. The money received and
the square root of the interest amount to 5690 cash. The square root of the
interest is % of the time in days[ 30 days in a month 1. '’ Find the amount
received, and the interest, the time, and the monthly rate of interest per thou-

sand cash.

Ans. Amount received, 5625 cash:;

4

75 cash per thousand;

monthly rate of interest, 36
time, 20 months 25 days;
interest, 4225 cash.

Process. Let the element rian be the money received. From the statement

-
=
n |
p -
=
el
&
ﬂ.n. -
-

¥
i

we have 32366250 for the positive shi, 11379 for the negative fang, and 1
for the positive yu, a quadratic expression ‘2! whose root is the required

amount. The other values can be obtained from this value.

[ Notes }

[ 1] Let the principal be a, the interest p, and the time in days r. From the statement

we havea + p = 9850,ﬁ+ a = 56%,'[?: 11235 r. (G)

[ 2 ] The expression in modern form is the equation: x> — 11379x + 32366250 = 0.

(C)
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5.
[ R3]
SERN\BANE—T 3, E4HARZ. Ra: ZWFRESZ= A
AR C—B/NENTI FHP . A, LLLRZ, ifgSIE; T20R
EEIASC Y [ B4 U |
ZH: BEOR-EAEX; Z2ZRANEZTI
AABEME+T; T—ahR T3
R_3C,
RE: SIRT—H—HZH, MPRZ. BAENRHEE, —Th
FEEHE=+IAEF, —+—HANE, FHFAZ, BLEW+TX, X
— 42, 12 A,

[F%] -

[1JiCHABS S8R a, b, c, d, e, lBP: a + b + c + d + e = 8612,
b=3a, b-c= 1880, 42 C= e, c—d =19, (%)

[2]“—mz®" EWE‘F%E‘@%Q FHRBBMAIER N 212 - 19739x - 940
=0, (BR)

[ &iF ]
SERSR 612X, BBAEANZ., RE: LATHT; ARTY I
H8OX; ¥h&iah, ATkhZ, XAHKE RAMAF; THAD 790 L,
Fl: EASSE S Y7
2. 45547700, o432/ 820 X,
A 940 L, THMF 150 L, RH4F2 X,

K BEA—H—o2E, Aotk KM, 53] 940 4 FRR,

~19739 A — KA &¥K, 21 ARFBRALK, FF7, 58940, A

— 52 E, FePrFE,



5. Among five persons 8612 cash were divided. Yi received three-fifths as much
as Jia; Bing received 1880 cash less than Yi; The sum of Jia’ s and Bing’ s
shares divided by Yi’ s equals Wu's; Ding’ s share is less than Bing’ s by 790
cash.') Find the amount of money each person received.
Ans. Jia, 4700 cash;
Yi, 2820 cash;
Bing, 940 cash;
Ding, 150 cash;
Wu, 2 cash.
Process. Let the element fian be the common ratio. From the statement we
have 940 for the negative shi, 19739 for the negative fang, and 21 for the

positive yu, a quadratic expression ‘2! whose root, 940, is the required

number.

[ Notes ]

[ 1 ]Let the amount of money each person received be a, b, ¢, d, and e respectively.

From the statement we havea + b+ c + d + ¢ = 8612, b =—§‘-a,b -C = 133{]“‘1; c_

e,c -—d="T90. (G)

[ 2 ] The common ratio is one-fifth of Jia received. The expression in modern form

is the equation: 21x> ~ 19739x — 940 = 0. (C)
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6.
[ Rx ] -
SAKRER-R, B—R/N\, REBZ, SRHR. R R U [E:
R L2 |
EEH: =RATZ T2 I
ARE: SERTT—HAK, WBRZ., LR L, —RH
M, b3z, Tm—, 2 K, &6,

®:2:3
(1] ¥, XYRFIEEMEF, (5)
[2] FHFAZABBREA . 2x - 7.29 = 0, (BR)

(5% ]
SAH—AKREK, A2E1 R8T+, shéde Bif, RARMBATE, HH
2R, Fl: ARKAS D7
%: 3R 655,
R: RA-ARAHK, AR FERXE#, F2] 1294 FHA, 24
— KRR A, EEASE, THAER, BZ, RAAFK, FEH9,

7.

[ B3 )
SAET, EER, U [l AR E R AR LA

BEL ARNT—HE =420, |
ARE: SRITG—HEHE, BLRZ. Bt a3, —ANIER, F
HHZ, AR, dv4r. Al
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6. A wooden sphere, 1 chi 8 cun in diameter, which is to be lacquered is first
covered with a layer of cloth 2 chi wide. ! Find the length of the cloth.
' 69
Ans. 3 chi 620 cun,
Process. Let the element rian be the length of the cloth. From the statement
we have 7 chi 2 cun 9 fen for the negative shi and 2 chi for the positive

fang, a linear expression 2! whose root, obtained by division, is the re-

quired length.

[ Notes ]
[ 1 ] The character zhan appeares in Chinese text. Its original meaning is a cushion
used as a foil to a saddle. (G)

[ 2 ] The expression in modem form is the equation: 2x - 712[—% =0.(C)

7. A side of a cube is 5 chi. '!! Find the diagonal from the upper southeast
corner to the lower northwest corner.
s
Ans. 8 chi 6 {73 cun.
Process. Let the element tian be the length of the diagonal. From the state-
ment we have 74 for the negative shi and 1 for the positive yu, a quadratic

expression'?) whose root, a mixed number, is the required length.



8

Ak  HBEEHAEIE

[ %]
(11 /2 =L BEFHMAK . MAEAHHa, 1, WI={2a)+ @ =

‘“?E_I__SZD (ﬂs)
[2] HAHRBBCIERH: 2 - 74 =0, (BR)

[ 4iF )
SR EFHR, BKSR, Fl: A LAZBRLTANMKY S V?
Z: 8&6%’4‘9 |
K: BRRA—H#K, oG ERKER, 52 -T4AHFHA, 14
KA RAEEK, FFFH, AHARRK, Lo, FEFHE,

8.

[ E3x )

SHERM, 2=R. RzBEER=T." [\ $FEERILT?
EH. —RU\GT,
ARE: ARG HEER, PRZ. B=a_+MH2%E, —HIE
B, FHHZ 12T A6,

[ X% )

(1] ielME. 83, SEKS N dyv.e, &1 (LEEAR) AREERMAR,

(5¢)?
277 = d, AEREY, FERER, ¥RK., (5)

[2 ] TFAABIBRIERN: 2 - 324 = 0. (BR)

[ &% ]

HEEM, HEHIR, RELEFEH3IT, Fl: 4BEK B 5 V7
. 1R8F, .
K: BRA—H4EEK, AR5 ERAM, 75 324 AFHA, 1
ARBRARY, FE+F, HEHF,



[ Notes ]

[ 1] Make ﬁ =§7- , and let the side and the diagbnal of the cube be a and /

respectively. Then, I=/(ﬁa)2 +at= 1+ 5. (G)

[ 2 ] The expression in modern form is the equation: x> - 74 = 0. (C)

8. A cross-section 3 cun deep is cut into a round piece of timber 3 chi in
diameter. !!! Find the arc made by the saw.
Ans. 1 chi 8 cun.
Process. Let the element tian be the arc cut by the saw. From the statement
we have 324 for the negative shi and 1 for the positive yu, a quadratic

expression!2! whose root is the required arc.

[ Notes ]

[ 1] Let the diameter of the timber be d, the depth of the cut v, and the arc made by

the saw ¢. From the method of the gou gu ju yuan cai method in The Nine Chapters of

1
Lc)2
( 2v + v = d. This problem is to find the arc made

Mathematical Procedures, we have
by the saw.The next problem is to find the depth of the cut.The two problems are based on

it. (G)

[ 2 ] The expression in modern form is the equation: x> — 324 = 0. (C)

W’I‘OOE.
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[ R3]

SHBM, B=ER, AEEEK—RA, [6: FIUT?
KEH . =,
ARE: ERIG—AEIR, WESRZ., BN+ -FEXE, =+ HEH,
—RNIERE, FHHZ. U &b,

[ %)
(1] FFAFRAIIER R 2 - 30x + 81 =0, (BR)

[ 6% )
AXEM, HRAIR, REBEKAHIRET, 9: 48FEA %7
%;: 31]-0

K: BRA—HEER, Ao FiEL LM, £33 81 A¥HA, -304
—RREI, 1 ARBRARK, FF+FH., HEP7E,

10.

[ F3c)
AEF SR, W E—8, £=H—H, A%, LB, KBL—F
FitAR, YLK LB, FHam FIE, SABER, #h FRER &K
BNH=R, 00 [, PR U2

RE. LEEAF-R, KEATEA,

AKEF_+WHA, wiE—+—H,
RE: TRT—HKEIE, WFRkZ., B—F - +ANER, AT
ANHWTT, —NER, THTFZ, 2 EREE, A,



o 1!009.

SUMOUNU() INO BY} JO JOLI BpEr

9. A cross-section is cut into a round piece of timber 3 chi in diameter. The arc
of the section is 1 chi 8 cun. How deep is the cut?

‘ Ans. 3 cun.

Process. Let the element tian be the depth of the cut. From the statement
we have 81 for the positive shi, 30 for the negative fang, and 1 for the

positive yu, a quadratic expression!!! whose root is the required depth.

:

[ Notes )

[ 1] The expression in modern form is the equation: x> — 30x + 81 = 0. (C)
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10. Three flocks of geese are flying in the sky and another flock is on the

ground. The total number of geese is 301. The number of geese in the first and
second flocks is 256; the quotient of those in the first flock by those in the
second increased by the flock on the ground is equal to the last flock in the
sky; the flock on the ground is less than the second flock in the sky by 43.[!]
Find the number of geese in each flock.
Ans. First flock, 192;

second flock, 64;

third flock, 24,

flock on the ground, 21.



HHIE N

{6

§:3:3

[1]i8%k. &K, K, o EESHHa, b, c, d, BEI: a+ b+ c +d =301,
a+b-= 256,—E++d=c, b-d=43, (5)

[2] FFAAMBTER A : 2 - 66x + 128 = 0, (BF)

[ &%)
SRRXERZBR, M EH—BR, £H301 R, R&: k8, kB
A 256 A XA RBEMR KB, Fifomi LR, B ABIEF; AL
REEV A3 A, B WBHREAS V7
. KkB192 2, hBted 2,
KA 24 X, iu‘;J:Zl o
R BRRA—AKBER, Ao FEREM, 55 128 HEHA, —66
A—RAERK, | ARB[ARAZLK, FFF5, REFRFBE FHEATE,

11.
[Ex ]
SEBARMBE—m—Et+=2%. RERAREZHEHE 1 H): %, &
& LA ?
BE: %N, K—T1#H,
ARH: SIRIG—AE, MBKRZ, B=+=AW@F/NEHIEX, =H
R h, ME-EANE, FARZ, 218, &,

[ %]
[1]igMER%, ZaHHhv, ¢, BELHE, BARMEEHH N
S:—é-[(c+v)v+% =413, M c-v =50, (58)
[2] FHHIURIER R . 40722 - 30000x + 334800 = 0, (BR)



Process. Let the element fian be the number of geese in the second flock.
From the statement we have 128 for the positive shi, 66 for the negative
fang, and 1 for the positive yu, a quadratic expression 2! whose root is the

number of geese in the second flock.

[ Notes ]
[ 1] Let the first flock of geese be a, the second flock b, the last flock c, and the

flock on the ground d. From the statement we havea + b + ¢ + d = 301,a + b = 256,
S+d=cb-d=4. (G)
[ 2] The expression in modern form is the equation: x> — 66x + 128 = 0. (C)

11. A piece of land in the form of a segment of a circle contains 1 mu 173 bu. Its
shi is less than its chord by 50 bu. ['! Find the shi and thie chord using Hui’ s
value (of m ). |

‘ Ans. Chord, 60 bu; shi, 10 bu.

Process. Let the element tian be the chord. From the statement we have
334800 for the positive shi, 30000 for the negative fang, and 407 for the

positive yu, a quadratic expression‘?! whose root is the required chord.

[ Notes ]
[ 1 ]Let the shi and the chord of the land be v and c respectively. According to what

Luo Shilin said, the area of the land using Hui’s value ( of w ) is as follows:

S=-;—[(::+ v)v+2%;%] = 413. And,c - v = 50. (G)

i/} #009-.
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[ &%)
AHBRMA TG RTER 1T 173F, RERWLEYS50F, 8. 2.
KEA SV
Z: Z60¥, 210,
R: BRAU—AEZ, AdBRh kLKL, 152 334800 4% KA,
-30000 A — KA A, 407 ARG KA LR, FF75, #EFZ, F6
Fir i@l o |

12.
{ R3] |
SEERNBER—A=F+ ¥ RzEKBL2 T +—% A, 3%,
KA ILfAr?
BH: xt¥, Z_1+N\¥,
ARH: SIRITT—AK, WBLRZ . BEtT-A=MEE, Aa/\I'A\AH
@, —tWhiE EEE, —+/CAMNTRE, —NIER, =5 HZ,
/rt¥. 8k,

[ %]
[1])\EP+#z, FHRIMHEEY.
S=%[(c+v}v+-§—§-] = 136-%—9 XNv-c=21, (%)
[2] AAHRKIIUCTHER A » + 28x — 14x2 — 588x — 7203 = 0, (BR)

[ &%)
AHEFEERHEORDER 1365, REXRLES 21 H, F: &,
K&KV
. £7¥, Z28Y.
K: BEA—H %K, AdoRuERXIAB, /53] -7203 4 F R, -588
H—RAEK, - 14AKALZE, BAZKALZHE, | ARBHARA
A, FukFy, #B{EXTV, REFF,



ﬂ’fﬂoﬂ-

SUMOLUN N0 8y} JO JOuIW eper

[ 2 ] The expression in modern form is the equation: 407x> — 30000x + 334800 = 0.

(C)

12. A piece of land in the form of a segment of a circle contains 136%!?11. The

square of the shi exceeds the chord by 21 bu.'') Find the chord and the shi

32iSSY3g

using the mi value (of m ).

£

Ans. Shi, 7 bu; chord, 28 bu.
Process. Let the element tian be the length of the shi. From the statement

we have 7203 for the negative shi, 588 for the negative fang, 14 for the

negative upper lian, 28 for the positive lower lian, and 1 for the positive

yu, an expression ' 2! of the fourth degree whose root, 7 bu, is the length

of the shi.

[ Notes ]

[ 1] According to what Luo Shilin said, the area of the land using the mi value
(of ) isas follows: S =+ [(c + v) v +£] = 1365 And,* - ¢ = 21. (G)

[ 2 ] The expression in modern form is the equation: x* + 28x* - 14x? — 588x -

7203 = 0. (C)
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13.
[ R3]

SHSTT SLB | FF &, X AT RRENATIUR, REZE
BANSL T E-E2ZN; FHREASLIRE =02 " ), =884 L7
B SLEETZTER, rym = AR, SFrm—1 R
ARE: SLRIT—HLEARZ, MPRZ, B—F " ht+HEA=TN+
NARE, —ANIT NG, MBI, Lz, 1248

SR, &,

(5]
(1] igSCHE, LB, FHEAHH a,, d, a,, WBI: a3 +{5d® + a2 =

29984; 3 Hd =% a, a,=%d. (%)

[2] FHXHILTER . 929x° + 192x2 ~ 12953088 = 0, (BR)

[4$iF]
AR EFK, KR, EFHER—FF, 1429984 R, R%&: ey HRF
FEFRL kS, EFHoakRREEHS, F: REEZ, E54k
Bk, EFHEREH S D7
Z: RAB2UR, EFZHRBK28R, EFHiLK 16 R,
R BREA—ARAR, AdofRF kKA M, 135 -12953088 A ¥ &
R, 1AKRAEZE, 29 ARBRARY, Fik, RFIARE
7, HEPTFE, |



13. We have a cube, a sphere, and a square. The volumes of the first two and
the area of the last equal 29984 chi. The diameter of the sphere is six-sevenths
of a side of the cube; a side of the square is two-thirds of the diameter of the
sphere. ['! Find the three matters [ the diameter of the sphere, a side of the
cube, and a side of the square ].
Ans. Diameter of the sphere, 24 chi;
side of the cube, 28 chi;
side of the square, 16 chi.
Process. Let the element tian be the diameter of the sphere. From the state-
ment we have 12953088 for the negative shi, 192 for the positive lian, and
929 for the positive yu, a cubic expression [?! whose root is the required

diameter.

[ Notes ]

[ 1] Let the side of the cube be a,, the diameter of the sphere d, and the side of the
square a,. From the statement we have a] + % d’+a3=29984; and, d =% a ,a,= %d.
(G)

[ 2 ] The expression in- modern form is the equation: 929x + 192x* — 12953088 = 0.

(C)

EW.
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1.
[ R3]
SHRABRBR=1%. RaaBf—t+-tL. 1 [E: QgL
BEH: —1+ /A%,
ARHE: SLRIT—RHEAZM, WT—HE, K. $EEERZ . B=TFN
BHHR#@E, =TLAANREN, bt L5, =+ ANTEE,
— N, =FFHZ, 12 g,

[ %)

(1] HBp. —%-ab:3[),a+b:1?;,(¥|3}

[2] FHFREXBFRIER R —x* + 3423 - 712 - 3706x - 3600 = 0. (BE)

[ 4% )

LAY, ARA0Y . REHRAAH 1T, Fl: GEPpH 507
£: 18%,
R: BRRA—AHZA, A—HEH, RAL®RT RS AR,
142] -3600 4 F A, —3706 HA—KFAAK, -T1 A kA KK, 34
AZRAEZEK, | ARBRAZE, AOKF, HEHF,

2.

[ )
éﬁﬁjﬂiﬁzﬂ—ﬁn R%@&*ﬂ—ﬂ_téﬁm IEJ: ﬂi%ﬂmm?



- Liang Yi He Zhe ( Expressions in
Two Unknown Elements )
| 12 Problems

1. The product of the gou and the gu is 30 bu, and their sum 17 bu . [!! Find
the sum of the gou and the xian.
Ans. 18 bu.
Process. Let the element tian be the sum of the gou and the xian, and the
" element di the gou. Using these elements we obtain 3600 for the negative
shi, 3706 for the negative fang, 71 for the negative upper lian, 34 for the

positive lower lian, and 1 for the negative yu, an expression' 2’ of the fourth

degree whose root is the required sum.

[ Notes )
(1] Thatis, & ab = 30,a + b = 17. (G)
[ 2 ] The expression in modern form is the equation: —x* + 34x® — 71x* -~ 3706x -

3600 = 0. (C)

2.The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the

sum of the gu and the xian.

Ans. 25 bu.

'HW.
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BE. —t+HF.
RE: SERIT—HBZM, Hm—R, X, BEEKRZ. B=T
BRNIEE, =FtBAEASINAE, Et+—HN L, =+ ha TR,
- —RIERE, =ZFGTIFZ N BE

[ % ]
(1] FHFRHIIERH: 2 - 342 + 7122 + 3706x + 3600 = 0, (BR)

[ 4% )
AR, @RA0F, REGRF1TV, F: Bizfh 507
2. 25%,
K. REA—AREF, A—HK, RALRAAESARLH,
1533600 HFEXKFA, 3706 A— KA LM, TN AKREAEK, 344
ZRAEH, | ARBALAELHK, FWARF ., FE&PTF,

3.
[ E3x ]
ASEABRBR=1$. ReaBfi—t+tE. M. R
EH: =18,
ARE. STRIG—HEHAM, HT—Hha, X, HEERZ. F—HZ
+RIESE, =+HWhET, —HIER, FHFZ Y Gl

[ %)
(1] FHREIULIER N, 2 - 34x + 120 = 0, (BE)



Process. Let the element tian be the sum of the gu and the xian, and the

EWE.
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element di the gu. Using these elements we obtain 3600 for the positive
shi, 3706 for the positive fang, 71 for the positive upper lian, 34 for the
negative lower lian, and 1 for the positive yu, an expression’ !’ of the fourth

degree whose root is the required sum.

[ Notes ]

[ 1] The expression in modern form is the equation: x* — 34x*> + 71x* + 3706x +

3600 = 0. (C)

3. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the

sum of the xian and the he.
Ans. 30 bu.
Process. Let the element tian be the sum of the xian and the he, and the
element di the gou. Using these elements we obtain 120 for the positive
shi, 34 for the negative fang, and 1 for the positive yu, a quadratic expres-

sion!!! whose root is the required sum.

[ Notes ]

[ 1] The expression in modern form is the equation: x*> — 34x + 120 = 0. (C)
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(&% ]
SRR, @RA0T, REGRF 1T, Fl: BEHRPIFH
%7
Z: 30%,
R RRA—ABEL YA, oA— K, RALRAABRAS A
KA, BB 1204FHA, -34A—KAEZK, 1 ARBRAARK,
FF+FH. HEHE,

4,
[ R3]
SARABRR=1¥. AzaBim—+-td. Inl. ZBHILM?
EH: —+F,
ARE: SERIT—HZEM, #ow—HE, K. HESKZ. 8—AN
THER#RE, ME=1TANNIN LR, — 5, =FFTHZ.'E
LIS

[ %]
[1] AR Y. -4 + 4362 - 14400 = 0, (BR)

[ 4% ]
ABRHBRY, @RA0T, REGBRFP 1T, Fl: BEHREZIFH
%57
. 20,
K: BEA—AZREGBREBZ Ao, A—HHKRE, RA5RTIER
AKX, 155 —14400 HFHA, 436 Hh KA LM, -1 5K G
KR EHK, FWRF, FEHE,



4. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the
sum of the xian and the jiao.
Ans. 20 bu.
Process. Let the element tian be the sum of the xian and the jiao, and the
element di the jiao. Using these elements we obtain 14400 for the negative
shi, 436 for the positive upper lian, and 1 for the negative yu, an expres-

sion!!) of the fourth degree whdse root is the required sum.

[ Notes ]
[ 1] The expression in modern form is the equation: ~x* + 436x* — 14400 = 0. (C)
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oA HEHSIE

5.
[ R )
SRABRR=1#¥. RaABM—1-+tF. [a. 2BEILT?
BEH: ¥
ARE: SERT—RHABE, Hx—Ha, X, HEEERZ, BHE+h
Ha, —HIER, FHHZ U A

[ i8]
(1] FHRBBTERS: 2 - 49 = 0, (BE)

[ &% )

SEABRY, @RANT, REARA1TF, 7. GREHA 557
. 1%, |
K. REA—AG MR, WA—HE, RALkAIESALEM,
P15 49 AEHOR, | ARG KALK, FEF, HEHA,

6.
[ R3]
SHEABRB=1#, RzqGBf—+-tH. [ A8 ILT7
EH: A&,
RE: SERITG—HATEE, Hot—HRa, K. #EGKRKZ, B=T
BREL, =FLEBAINF, B+—H LB, =+0A4% TEE,
— R, ZAFZ. M B,

[ %)
[1] FHARBIARTER Y, —x* - 348 - 712 + 3706x - 3600 = 0, (P& )
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5. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the
difference between the gu and the gou.
Ans. 7 bu.
Process. Let the element tian be the difference between the gu and the gou,
and the element di the gou. Using these elements we obtain 49 for the nega-

tive shi and 1 for the positive yu, a quadratic expression '’ whose root is

the required difference.

L~y
rl*_
]
(g ]
4
=3
£

[ Notes ]

[ 1] The expression in modern form is the equation: x* — 49 = 0. (C)

6. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the
difference between the xian and the gou.
Ans. 8 bu.
Process. Let the element tian be the difference between the xian and the
gou, and the element di the gou. Using these elements we obtain 3600 for
the negative shi, 3'?{]6 for the positive fang, 71 for the negative upper lian,
]

34 for the negative lower lian, and 1 for the negative yu, an expression "'

of the fourth degree whose root is the required difference.
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[ 4% ] |

AHBRK, ARAT., REGRPI1TT, Fl: GEBAS V7
. 8%,
K: REA—HGER, wA—hE, Ribhkiiais LR,
133 -3600 AFHEHM, 3706 A— KA E¥, -TI A=K HZ$, -34
HERFEM, —1 AREKAAY, Fraky, FEM,

7.

[ R3]

AERBRB=A 5. AEafi—+tH, 6. RZEEILM?
8. —%,
RE: TRT—NBEEE, HT— Rk, X, #EEERZ., B=TA
HNIESL, ZTFEEANEN, t+—RALHE, =N FEE,
—NIEM, =FRHFFZ. 0 S,

[ %)
[1] FHFTHIAIER R, o + 342 + 712 - 3706x + 3600 = 0, (BE)

[4iF])
AEEBRY, OFRA0T, REGEF1T T, Fl: REKA S V?
Z: 1%,
R: REA—ABRER, i—HK, RAHRAAMERSARLM,
193] 3600 AEHFR, 3706 A—KRAH, T1 H=RAZRK, 344
ZRMEE, 1 ARBHRARE, FORF, HE&EHE,
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[ Notes }

[ 1] The expression in modern form is the equation: —x* — 34x® — 71x? + 3706x —

3600 = 0. (C)

d’
¥

S 13

7. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the

SRALL: )

R

difference between the xian and the gu.

™
¥

Ans. 1 bu.

Tty

T

—

%
F g
b &

Process. Let the element tian be the difference between the xian and the gu,
and the element di the gu. Using these elements we obtain 3600 for the
positive shi, 3706 for the negative fang, 71 for the positive upper lian, 34
for the positive lower lian, and 1 for the positive yu, an expression['] of

the fourth degree whose root is the required difference.

[ Notes )

[ 1] The expression in modern form is the equation: x* + 34x* + 71x* — 3706x +

3600 = 0. (C)
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8.

[ R3]

SHABRB=12, Raaif—+-tH. B 5z L2
EH: I,
ARHE: SLRIG—HEE, Hon—HRa), X, #HEEGKRZ, B—Ea =
TNIESKR, =+WATT, — AR, SEAFZ M Bl

[ %)
[1] FHFRWBRER N 22 - 34x + 120 = 0, (BK)

[4i%]
LHLAEK, BFRA0F ., REHBRA1TT, Fl: 254Kz £4

307

£: 4%,

K BERA—AZEGRAZ L, HA—HEH, RALRAINEA VA
KEM, FF 120 4FHA, -34A—KAERH, 1 ARFHTRARHK,
F¥F. FHEFE,

9.

[ R3]

SHABRR=1$. RzaABf—t+td. B[: ZEEILM?
EH: A
RE: SLRITE—REEEE, e —RE, X, HBRERL. H—7H
FHUERIES, ME=+02% B, —HAB, =fHFZ 4

A,



8. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the
difference between the he and the xian.
Ans. 4 bu.
Process. Let the element tian be the difference between the e and the xian,
and the element di the gou. Using these elements we obtain 120 for the
positive shi, 34 for the negative fang, and 1 for the positive yu, a quadratic

expression! !} whose root is the required difference.

[ Notes ]

[ 1] The expression in modern form is the equation: x> — 34x + 120 = 0. (C)

9. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the
difference between the xian and the jiao.

Ans. 6 bu.

Process. Let the element tian be the difference between the xian and the
jiao, and the element di the jiao. Using these elements we obtain 14400 for

the positive shi, 436 for the negative upper lian, and 1 for the positive yu,

an expression!! of the fourth degree whose root is the required difference.

)IOOE'
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[ %)
[1] FHRBIBIER K. x* - 43652 + 14400 = 0, (BE)

[4i%]
ARORY, @FRA0F, REGBRF TS, ¥ BE5QREZ £H
%07
. 6%,
K: BERA—AZEHREZE, A—AHHKRE, A A5MA LR
AAREM, 73] 14400 A F XA, 436 A= RA LK, 1 ARBAK
REK, FWERF, HEFF,

10.

[ R )

SHABBR=1¥. RaaBf—1t-td, H: AFJLA?
B —+H#
ARE: SLRIL—HNEF, #ou—Hh2, X, HESKZ, B=T/a
RHIESE, —BAANT AR, —HIER, FHHZ. ! &FE.

[ER]
[1] FHRGBARTERR: 2 - 169x + 3600 = 0, (BK)

[ 4iF ]
AHRRK, @FRA0F, REHBEF1TT, Bl: GFA S V7

‘g: 25 ﬁ'c
K: BRA—AHYEX, A—HH, Kbk aais ALt 7+
#3600 AFHA, 1694 —KAEK, | ARJHLARK, FF75,

FEFriE,



[ Notes ]

H-‘fﬂﬂﬂ.
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[ 1] The expression in modern form is the equation: x* ~ 436x* + 14400 = 0. (C)

| et
-1
=
73
&2
| =
C3

-
28
b=
. -n;l_:
=]
gy
=]
oIS
==
™
Tk

10. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the
square of the gou.
Ans. 25 bu,

Process. Let the element tian be the square of the gou and the element di

the gou. Using these elements we obtain 3600 for the positive shi, 169 for
613
the negative fang, and 1 for the positive yu, a quadratic expression! ' ! whose

root 18 the square of the gou.

[ Notes ]

[ 1] The expression in modern form is the equation: x2 - 169x + 3600 = 0. (C)



1.
[Fx ]
SHARBEAS, ARGRA—t5, [ BRI
AE. —ENHIE,
RE: SR~ HRTE, WT—HE, K. HEARZ, BETAE
BT, —EAFIANT, —Hil, FHFZ, 0 A,

EHAE R

i

[ %]
[1] FHREBARIER R -2 + 169x - 3600 = 0., (B )

[ 63F ]
LR, @RAN0Y, REHBP1TF, F: BREAST?

'llp Z: 1445,
poff K BRA—AHBRE, RA—HE, RALRLMESARLRLM, &
236004 EXRA, 16948 — K AEK, -1 HRHAAEK, FFF5,
HEPriE

12.

[ R3]
ASEABRR=1#, RaaBf—ttH. [ ZFILT?
EH: —HANTIE
ARE: L RIT—HNEE, o—haK, X, HEEKZ, #=T/N\B
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11. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the
square of the gu.
Ans. 144 bu.
Process. Let the element tian be the square of the gu and the element di the
gou. Using these elements we obtain 3600 for the neg'ative shi, 169 for the

positive fang, and 1 for the negative yu, a quadratic expression '!! whose

root is the square of the gu.

[ Notes }

L=
el
o
%
e
Ffr

ol
[ 5]
e -
o
s - J
g "__
iy
o s
L=
s
-
e
L
e e

[ 1] The expression in modern form is the equation: —x* + 169x ~ 3600 = 0. (C)

615

12. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the

square of the xian.

Ans. 169 bu.
Process. Let the element tian be the square of the xian and the element di

the gu. Using these elements we obtain 2873 for the positive shi and 17 for
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t+=RIEE, —+tHhads, FEEFET Y gF.

Kl

[ %)
[1] FHFRXBURIER R, -17x + 2873 = 0, (BR)

[ 4]
AREBRK, BRA0F, REHBRF1TF, Fl: ZRA SV
2. 169 ¥,
R: HEA—HZR, WA—HK, Roskttafis ALk, A
B 2873 A FEHA, —1TAH-KAEY, FABFES, HEHFE,

616



[ 1] The expression in modern form is the equation: ~17x + 2873 = 0. (C)

N
3%
the negative fang, a linear expression (1] whose root is the square of the 5%
xian. é
-
m
-
e
[ Notes ] c
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{
w

¢
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>
e
-
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AEAiENC'Y —+—m

[ 5]
[ 1] Sr IR LS SR — BB F IR, BISRAR BB 7 U R T ik o SRt

REB I EFMXFEMETSERT B (RTF) K (BZ) ThH&E (L) K. ’
HXHARE, MRRETHEE 1T (BR)

1.

59

A BRBERAEAE . R RRRRRTAGE O\ A I
BE . A=H, RS, 2]
RE. SRT—WEE, HIT—NE, XK. SR, B=FL+=
WIES, EEAFIUNS FHE, —FATANATE, LH3E, =
FeHFFZ. 3 A,

[ EE]

(1328, B, 10 a, b, . BB [(a+b) - cla=6,— (f’; —-=
4, ($B)

[2] W TR “AEPUsE" POgE, (FB)

(3] FHWITER N, -5¢* + 1682 — 784x> + 3072 = 0, (BK)

[&iF]
AXKZE Bz %Y, Bl6F, RERFERUAZSHREZ £,
#E4F, B ., BREAS VT
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Zuo You Feng Yuan ( Left, Right,
You Meet Elements ) 1]
21 Problems

[ Notes ]

[ 1 ]The problems under this head are in reality the same as those under the preced-

ing head, namely the solution of simultaneous equations of higher degree. The author, in

choosing the heading, no doubt is applying the quotation from Mencius, which does not

&
L3

differ in sound and differs in meaning only by changing the last character.Mencius, ( Bt

e
T. £

e o
& oy
8 e
£S5 e,
b

2 ) ZeHi#E (H) ¥, go to the left or go to the right you meet springs. (C)

e
1

SiNG

1. The product of the difference between the he and the xian by the gou is 6

1

bu; the quotient of the square of the gu and the difference between the xian

and the jiao is 4 bu. '’ Find the gou and the gu.
Ans. Gou, 3 bu; gu, 4 bu!?’

Process. Let the element tian be the gu and the element di the jiao. Using 619
these elements we obtain 3072 for the positive shi, 784 for the negative
upper lian, 168 for the positive lower lian, and 5 for the negative yu, an

expression! 3! of the fourth degree whose root is the required gou.

[ Notes ]
[ 1] Let the gou be a, the gu b, and the xian c. From the statement we have [(a +
b) —cla=6, Y = 4. (G)
c—-(b-a)

[ 2] Following the answer, gu, 4 bu could be lost. (G )

[ 3 ] The expression in modern form is the equation: -5x* + 168x> — 784x* + 3072

=0. (C)
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: J§3¥, w4y,
K: BEA—AK, A—AHGRE, RASRA ARG AKEHE,
R0 AFHA, -T84H_KARM, 168 A=ZKAERK, 54
BHAAGK, FwkF, HEHH9E,

2.
[ B3 )
ASH DM, LERE=F, RzRZHERE, WK oRP . E:
7). B JUfar?
BH: A=%, BRIE,
ARE: SERITG—IIE, HT—HRZE, K. #REKRZ, B—1=
MIESE, =hml, FEREEFE. ! &M,

[ %]
[1] BP: ac — ab = 3,62 - bc = 5, ()
[2] FAHFAWBCERR: 3x + 12 =0, (BR)

[ 4% ]
Aff Akl RALKGKFHEREI Y, AREBMER
ZEY ST, M. . KBS P
£ 43¥, Ba¥.
K. REA—AR, RA—HBREEK, RA5RTRESAKXLR,
BE 12AFHA, 3AHA—KAZRHK, TLABFFT. HEFF,
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2. The product of the gou and the xian exceeds the zhi ji by 3 bu; the product

of the xian and the gu is less than the square of the xian by 5 bu.!'! Find the

)

3
T

—
o
&l
T
v

gou and the gu.
Ans. Gou, 3 bu;, gu, 4 bu.

Process. Let the element tian be the gu and the element di the difference
between the xian and the gu. Using these elements we obtain 12 for the
positive shi and 3 for the negative fang, a linear expression' 2} whose.root

is the required gu.

[ Notes ]

[ 1] Thatis,ac —ab=3,c2-bc=5. (G)

[ 2] The expression in modern form is the equation: -3x + 12 = 0. (C)
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3.

( R3]

SHEEFIF, B8, UKFERZ, B, DOFRZ, i, 58—

THRE=0HZ—. REFREM, 528%. 1 [ &, E&ILMA?
BHE: FEE, KNS,
RE: SLXKIT—HIK, #Hm—HF, X, HEAGRZ., f—T/N\EN
R, —FAR+TINYT, —EH—HHMN BB, FFURE T,
AR, =FFHZ, 2 BK, &6,

[iE%]

(1132, KHiHhap, s, L ra-2b-a)lb-ab,,(p_q)-
155; #Ha - (a+b) =2(b-a) (%)

(2] FIAREIBRATERSy . -9 - 54¢° + 2102% + 1060x - 1840 = 0. (BR)

[ &% ]
AHKFHEmABRmE, B24E4KEE, AKEZ, AKFHBER, &
Mz, m2RaKEAE, RFI5TF. Ra: MZRAKAR, 5
2fE0 kM ERMF, Bl Kk, BEAH 57
Z: BM3%F, KA4F,
K, ZRA—A%k, A—HE, RALbkaiabes L KL#, 535
—1840 HFHEA, 1060 A —RAZH, 210 A = RAZH, -54 A=
RAGE, 9ARGHRAZEK, Fuky, FaK, HaE,



3. From the zhi ji increased by the width subtract twice the jiao; multiply the
remainder by the length and subtract the zhi ji; divide this remainder by the
width and increase the quotient by twice the jiao; the result 1s 15 —%bu. The
square of the width less the ke is equal to twice the jiao. [/ Find the length
and the width. |
Ans. Width, 3 bu; length, 4 bu.
Process. Let the element tian be the length and the element di the width.
Using these elements we obtain 1840 for the negative shi, 1060 for the
positive fang, 210 for the positive upper lian, 54 for the negative lower
lian, and 9 for the negative yu, an expression' 21 of the fourth degree whose

root is the required length.

[ Notes )
[ 1] Let the width be a, and the length b. From the statement we have

[ﬂb'*ﬂ"z(;"'“”b'”b +2(b-a)=15%-;andaz-(a+b)=2(b

-a) (G)

[ 2 ] The expression in modern form is the equation: -9x* — 54x* + 210x* + 1060x

- 1840 = 0. (C)
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4,
[ R3]
SHERIMAR, BB, PRZ, BER, 5F%. A=,
BKkRZ, S8FE, M \. K. P& L7
EH: V=¥, KHEFE,
ARE: dLKITT—RHF, #T—HK, X, HECERZ H=HIE%E, —
+—RARF, NI LERE, Lt TR, —NER, =RATZ, 2
3F. &,

[ 8]

(1] 8eE: (ab+ @ -b)a-ab=a; 340 8*t0) =3(b-a)_,
a, () ’

(2] FHRMBAREAR T : ¥ - 7x° + 82 + 1lx + 3 = 0, (Bf)

[ &%)
AEkFHBRREOF, BER, AREZ, BEkFHER, 5ARE,
Rz: KR 3EGKAEL, Ak, 5XKEALZMF. &: K. F
F S E DN
Z: BM3¥F, KA4F, |

R: BEA—AF, wa—Ahk, RAbkamics A RAM, 112

3AFHEA, NWA—KREH, SH_KAEZH, -THZRKRAEZEK,

1 ARBRAAK, FukFy, F2H, H45R,

S

1 Ex)

SHEEBIN—F, B=K, KRA=H. Az FRSEF " [E: BULM?
EH: =tARE '



4. From the zhi ji increased by the square of the width subtract the square of
the length; multiply the remainder by the width and subtract from the product
the zhi ji; the result is equal to the width. The difference between the he and
three times the jiao divided by the length is equal to the jiao. !'! Find the
length and the width.

Ans. Width, 3 bu; length, 4 bu.

& yoog
SUMOUNUP) N0 BU O Jou Bper Il

Process. Let the element tian be the width and the element di the length.

Using these elements we obtain 3 for the positive shi, 11 for the positive
fang, 8 for the positive upper lian, 7 for the negative lower lian, and 1 for
the positive yu, an expression ‘2! of the fourth degree whose root is the

required width.

[ Notes ]
d (a+b) -3(b-a)

[ 1] Thatis, (ab + @* - b*) a - ab = a; an . =b - a.

[ 2] The expression in modern form is the equation: x* - 7. + 82 + 1lx + 3 = 625

0. (C)

5. The zhi ji plus the width minus three times the length is 3 bu; the square of
the width equals the jiao. ') Find the zhi ji.
Ans. 36 bu.
Process. Let the element rian be the zhi ji and the element di the width, Using
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RE: SLKRIT—HER, HT—AF, X, BEEKZ, B=1TKH
w3k, =TT, =+t RhaEm, —NIER, L, PR

Al

[ +%)
[1)BP: ab+a-3b=3; FHa’=b - a. (¥)
[2] FARBBARIER R : 2 - 372 + 37x - 36 = 0, (BR)

[ 4% ]
ARk FHEFAME, BI3EHK, £3F, RE: AR5 KM L4
¥, Fl: ks HBERAS D7
Z: 36 %,
K. BEA—AKFHER, WA—HE, X1bkTAmMEESARE
M. 133 36 HERA, 3T HA—KRAELK, 3TAKRALEK, 1 H
EFARAY, Fiky, BAKkFHBER, FEFF.,

6.
[ Bx )
A EAI/NAL, B, WAA, KB, KRE+2H. R KK/,
N, EHFFZ, REKT=H, 0 E: K. FEIUE?
EH. EAE, K—T %,
RE: URTE—HF, WT—HK, K. WEERZ, BLHAHE
5, AFARMIT, —t s EHE, SN THE, —Ram, =R
FIZ, ) 18, Al



these elements we obtain 36 for the negative shi, 37 for the positive fang, 37

for the negative lian, and 1 for the positive yu, a cubic expression (2! whose

root is the required zhi ji.

[ Notes ]
(1] Thatis,ab + a - 3b=3; anda* = b - a. (G)
[ 2] The expression in modern form is the equation: x* = 37x? + 37x - 36 = 0.

(C)

6. The zhi ji plus the xiao he and the xiao jiao minus the da he and the da jiao
equals 52 bu. The square root of the sum of the great length, the xiao he, and
the xiao jiao is less than the great width by 2 bu. ''? Find the length and the
width.
Ans. Width, 6 bu; length, 12 bu.

Process. Let the element fian be the width and the element di the length.

Using these elements we obtain 96 for the positive shi, 68 for the positive

fang, 14 for the negative upper lian, 6 for the positive lower lian, and 1 for

the negative yu, an expression [2! of the fourth degree whose root is the
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[ %) |
(1] BEHIAK, kK. KT, KA KB MR AL /ML MRS

b .,a b_a : b,a b _
+ b-ﬂi’.Eﬂ.ab+[(a +b)+(?i'

- b a
ﬂ,b,ﬂ'ﬁ'b,b a!E‘b’a b!ﬂ

311 - [Ca+b) + (b -a)l =.52; :‘H‘H.a-vjb+ [(ﬂ£+.g.) + (g_%}]
=2, (¥)
[2] FHREBTEH: —» + 68 - 1422 + 68x + 96 = 0, (BK)

[&iF]
AXKkFHEIFRMN T B, £52F, A& K Feds
%, FFF, @y 2¥, Bl kFHeHK, MEH S )7
: Me¥, kK12%,
K: EXA—AKFHER, wa—Ak, RALRAAERESAUELL
M, 13396 A FHA, 8A— KRR, 148 _KARK, 6 4=
KRR, -1 ARSRALZEK, FWRF, FEHE, FEPFE.,

7.
[ Exx )
ABHHB, KAR, B, &b, RaFa%k, B, f/\F."FE:
K. & ILE7
EH. ¥=%, KF.
RE: SLRIG-RFE, #Hoo—RK, X, A RZ, BAN+H=HIE
5, —+ /KB H, —tAkE LB, ONTEE, —RIER, —3
Iz, 2 RFE. 5,

[ %]
[1] BGBP: 2 - (a+b) =9,a> - (b-a) =8, (H)



required width.

[ Notes ]

[ 1 ]In Luo Shilin’s viewpoint,great length,great width,da he, da jiao, small length,
- : 10 i b a b, ,a b _a
small width, xiao he, and xiao jiao area ,b,a + b, b - a, a a5y and - b

From the statement we have ab + [(E?""%) + (ab-—% )] - [(a+b) + (b -

a)] =52;anda -jb + [(g +§—) + (-g—*%}] =2 (G)
[ 2 1 The expression in modern form is the equation: —x* + 6x* - 14x* + 68x + 96

=0. (C)

7. A piece of land is in the form of a rectangle. The square of its length minus
the he is equal to 9 bu; the square of its width minus the jiao is equal to 8 bu. (1]
Find the length and the width.
Ans. Width, 3 bu; length, 4 bu.
Process. Let the element tian be the width and the element di the length.
Using these elements we obtain 63 for the positive shi, 18 for the negative
fang, 16 for the negative upper lian, 2 for the positive lower lian, and 1 for

the positive yu, an expression (2! of the fourth degree whose root is the

required width.
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(2] FAHRBBRTERF: o + 22 - 1622 - 18x + 63 = 0. (BK)

[ 5% ]
AHAE, AKak, BEKEf, £#9%, R&x: MAE, BREKH
£, #8%, 9. Awmtik, ME&EHE V7
2. M3¥, ka4¥,
R RRA—AALBEHE, A—AK, RAL5RAAAREG VAR,
FEAFTHKA, —18AHA—KRAEK, - 16 A_KARK, 2H=XK
A, | ARBHARALZK, FwkFy, FHE, FEH5HF,

8.
[Ex)
AHHER, —K. =%, #8478, ASKENTE, BEE, &
— A U ) K, AL
BE. =4, K,
RE: IRT—RF, Ho—NhE, X, wicsRkz, B+ KE
52, “H-ENRETT, PR, — A, ST, 2B, A,

[ %)
(1] BP: ab + b + 2a =22, + a - (b -a)?* =18, (H)

[2] FHHFRHIRERF: 2 + 42 -27x + 18 =0, (B&R)

[ &% ]
Ll kFH@mER, ml1iEehk, 2466908, 2F2F, Ax: KGFMm
B, REKkME2K, £18%F, #: k. A A7
Z: M3%, K4,
K: BEA—AKFHBAE, WiL—AhKk, RAS®RAIBESAKRKKEL
B, BB I8 HERTA, 2T H—KRAEK, 4 AKAAK, 1 4%
GRREK, FiLF, #RH, FEHM,



[ Notes ]
[1] Thatis,»* - (a+ b) =9, - (b-a) =8. (G)
[ 2 ] The expression in modern form is the equation: x* + 2x> - 16x* - 18x + 63

=0 (C)

8. The sum of the zhi ji, the length, and twice the width is equal to 22 bu; the
square of the length plus the width minus the square of the jiao is equal to 18
bu. |1 Find the length and the width.
Ans. Width, 3 bu; length, 4 bu.
Process. Let the element tian be the width and the element di the length.
Using these elements we obtain 18 for the positive shi, 27 for the negative
fang, 4 for the positive lian, and 1 for the positive yu, a cubic expression '?’

whose root is the required width.

[ Notes ]
(1] Thatis,ab + b + 2a = 22,b* +a - (b - a)? = 18. (G)
[2] The expression in modern form is the equation: x* + 4x> — 27x + 18 = 0.

(C)

i/} Jfﬂﬂﬂ'.
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9.
[ R )
SHEER, MF, B8, R—THEP. RaREBGEFE, FRIFE,
S5ftsazmE, M E: K, F&IUT?
EH: F=2, KUY,
ARE: SLRITT—HF, HIT—HK, X, BEEKRZ, B+ N
L, =RNMT5, WNRE, AT, A, Bl

[ %)
(1] HEP: ab + 2a - 3(b - a) = 15, %b+%a=%(a+b)g(%}

(2] AHRBIATERLH: 42 + 3x — 45 = 0, (BR)

[ 4if])
ARKFHER, mAEHR, KE3BHKAE, 215F, A% B
ke 2, Me L, HhLkAAGTAF. Fl: K BEAS DT
Z: M3¥, K4¥,
R: RRA—AHKFHGE, iL—AK, RAGkTAAEESALE
fR, 133 A5 AEHEA, 3A—KANEE, 4 ARSRKALRHEK, FFF
7, FEE, HERTFE,

10.
[ &) |
SEER, UKRZ, FVhRZ, Frems, mkii—, Bts. A5
SRK, SERRA, 0 . K. E&ILE?

EH. FENAFE, K—Th¥,



9. The zhi ji plus twice the width minus three times the jiao is equal to 15 bu.
If we take the strong half of the length and the less half of the width their sum
is equal to four-sevenths of the he. !!! Find the length and the width.
Ans. Width, 3 bu; length, 4 bu.
Process. Let the element tian be the width and the element di the length.
Using these elements we obtain 45 for the negative shi, 3 for the positive

fang, and 4 for the positive yu, a quadratic expression [2! whose root is the

required width.
[ Notes ]
[1] Thatis,ab + 2a - 3(b - a) = 15,%b+%a =%(a+bl (G)

[ 2 ] The expression in modern form is the equation: 4x? + 3x - 45 = 0. (C)

10. Multiply the zhi ji by the length and divide by the width: from the quotient
subtract the zhi ji and divide the remainder by the length; the quotient is 7 bu.
The square of the jiao increased by the length is equal to the square of the
width. '] Find the length and the width.

Ans. Width, 8 bu; length, 15 bu.

HJ!OUE.
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-k BEHAER

AH: SLRIT—HK, #IT—RF, X, HEEGRZ, B—+HHE
g-\:i _%M‘jj‘, Li: ‘F%fﬁ]‘—r (2] ﬁﬁo ﬁj"ﬂc

[ %]
(ab) b
ab

[ 1] BkER. ”b_ =7, (b-a)*+b=a(58)
[2] FAARNBRIER N: x-15=0, (BK)

[ ¥ ]
ARksHaR, 2K, RAF, FIR&EaR, mrk, £7
¥, R&u: KMEZFEMmK, 5RZFHE, Fl: k., B&HZ 07
Z: M8%¥, KIs¥,
R: BRERA—AKFGSHAOHE, wA—AK, Rabiasies A LKL
B, M3 1S AFHA, 1 A—KREK, 1SHEARSREK, | 4%
¥, Rz, #REK, FEP709,

11.
[ R3]
SHEEH, FREE—M. B, R5K%. RaBHEm—F, ®mui,
INSKEE U ) K &L
EH: ¥N\F, K—T=%.
AKRE: SERITT—RHF, #ot—RK, X, AEERZ. B—a -1+ %
L, =1—AMF, RNANRE, —AER, LTHFZ, PR Gl

[ i8]
(1] KBl: a* - [(a+b) +6(b-a)]l=b,(b-a)>+a-4(b-a)

= bn (EBJ



Process. Let the element tian be the length and the element di the width.
Using these elements we obtain 15 for the negative shi and 1 for the posi-

tive fang, a linear expression ‘2! whose root, by division, is the required

length.
[ Notes ]
(ab) b —ab
[ 1] Thatis, —2% =7.(b-a)*+b=a (G)

[ 2] The expression in modern form is the equation: x - 15 = 0. (C)

11. In a right triangle from the square of the width subtract the sum of the he
and six times the jiao; the remainder is equal to the length. The square of the
jiao plus the width less four times the jiao is also equal to the length. '’ Find
the length and the width. '
Ans. Width, 8 bu; length, 13 bu.

Process. Let the element tian be the width and the element di the length.

Using these elements we obtain 120 for the negative shi, 31 for the positive

fang, 6 for the positive lian, and 1 for the negative yu, a cubic expression 2’

whose root is the required width.

[ Notes ]
(1] Thatis,@® - [(a+b) +6(b-a)] =b, (b-a)*+a-4(b-a) =

b. (G)

I #009*.
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[2] FFAXMIARTER Y, —°® + 62 + 31x - 120 = 0, (BE)

[ &% )
ARELW, LARKIEHEE6ENKRAL, 28 5XKRF, RE: ¥
B EFmE, RE4EHKBEL, R KMAF, & Kk, HEH S 7
Z: M8y, K13¥,
R BRA—ALRAGR, BA—AHK, RAGTiaE ALK,
A5 120 AFHA, 31 H—KREHK, 64— KRAEZH, -1 HRFH
RARK, 17, RER, HEF,

12.
{ B3] _
SHEMR, AR, R, PR, 5%, RaKREm =8, W
R, FERE, ) EL K, P
KH. ¥h#E, K—1+ %
ARE: ZXITL—HEK, #T—RF, X, BEEKZ, B 1TRaEsE,
—+EANTT, —hak, FARZ, P Bk, 86,

[E%]

(1] spp, a6+ (a+b)?- (b-a) b o n(p_a)-2(b-a)
a

=ab, (%E)
[2] FHRBBLERHN: 2+ 17x - 60 = 0, (BR)

[ 5% ]
SARKFHER, mKAFZE, REKBLZR, ARARZ, 5KF



[ 2] The expression in modern form is the equation: ~x* + 6x? + 31x - 120 = 0.

(C)

12. Add to the zhi ji the square of the he and subtract the square of the jiao,
then divide the result by the width; the quotient is equal to the zhi ji. Add to
the square of the length twice the jiao and subtract twice the square of the
jiao; the result is equal to the zki ji. |'! Find the length and the width.
Ans. Width, 5 bu; length, 12 bu.
Process. Let the element fian be the length and the element di the width.
Using these elements we obtain 60 for the negative shi, 17 for the positive

fang, and 1 for the negative yu, a quadratic expression ‘2! whose root is the

required length.

[ Notes )
[1] Thatis,ab+ (a+b)”- (b *a)zzab,b2+2(b-a) -2(b-a)?

a

=ab. (G)
[ 2] The expression in modern form is the equation: ~x2 + 17x - 60 = 0. (C)

H-WOE.
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HEmAaE., A& KREm2EHKRE, R2EHKEAER, FE5K
FHEAME, Fl: K. M&AH S
. B5¥, K12¥.
K: BEA—AKFHOK, A—HF, RALLRAMESARLL
M, 198 —60 AFEHA, 1TAHA—KRAK, -1 ARGRAZRE, F
I, F8K, FEHE,

13.
[FE3x ]
SEER, WNE, IAE. M, £BES. REKHBM, X
¥, LRES. K. FEILA?
BE: FE8, KAg,
RE: LRFT—HF, Hii—HK, X, wRERZ. B +EH%
S, R, —NME, FHFZ, 0 BE. Al

[ %)

[1] 8 (E¥R%E - B, K, k&, M, IE, DISFIHRa + b,
b-a, L, £, 2.8 i jab- £+ ((b-a)+ (Fei)ll-ab=5,ab
~[2(a+b) - (Z4a)] =5 (3)

[2] FAHARBBIERN: 2+ 2x - 15 =0, (FR)

[43F ]
ABH¥FHER, BT, MR, e, WkFHEREST, AE:
24 kAR E KB X, WkFHERY ST, B Kk, AEAZ

7



13. The zhi ji minus the sum of the small width, the great jiao, and the small
he exceeds the zhi ji by 5 bu. Twice the great he minus the sum of the small
length and the great width is less than the zAi ji by 5 bu!!'Find the length and
the width.
Ans. Width, 3 bu; length, 6 bu.

Process. Let the element fian be the width and the element di the length.

Using these elements we obtain 15 for the negative shi, 2 for the positive

fang, and 1 for the positive yu, a quadratic expression 2} whose root is the

required width.

[ Notes ]

[ 1 ] According to the zongkuo of the Introduction to Mathematical Studies, the great

he should be a + b, the great jiao b - a, the small length ab- , the small width -:— , and the

b, a _a _ b .a
smal]hehf+3.methestatementwehave { ab 5+ ((b-a)+ (3 i )]}

~ab=5ab-[2(a+b) - (Z+a)] =5 (G)

[ 2] The expression in modern form is the equation: x> + 2x - 15 =0. (C)

HW.
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S N

2. M3¥, ke6¥,

\ R RRA—~HRFHEF, wA—AK, Ribkiiaisd KL
B BB -I5AFRA, 2A—KARY, | ARBRREAK, F¥5,
‘ FEF, HarE,

Kl

14.
[ )
SEHER, FHHZ, BV, RE=%. AzsKU¥FFFZ, FRE=
s 279N 5 PR SN 9 R T K
EH: FhE, K—THAS.
ARE: LRIT—RHF, #Hom—HK, X, #EcEKRZ. B/N\+—HIE
K, WHHRANTT, ZANEE, —hal&, L2, PR, |l

[iE%)
L1 ER: ab —a=3, (b-a) —Jb < 3. (3B)
[2] AR K - + 32 + 45x + 81 = 0, (BE)

[ 4% ]
SRk FHER, $RAAFH, L@, #A3F, R&E: $KFA+F,
WkEmEY3F, B k., AE&A$ Y7
Z: WMoY, kK16¥,
K RRA—AALBAHE, A—HK, RALRAMEEALLME,
FE 81 AFHA, A5 H—KRALRHK, 3AKAEZEK, -1AFHK
RAMK, ik, FEE. FEPE,



I »oog.

SUMOUNU( N0 BUL JO JOIN epar;.

14. The square root of the zhi ji minus the width is 3 bu; the square root of the

length is less than the jiao by 3 bu.!'! Find the length and the width.
Ans. Width, 9 bu; length, 16 bu.
Process. Let the element tian be the width and the element di the length.
Using these elements we obtain 81 for the positive shi, 45 for the positive
fang, 3 for the positive lian, and 1 for the negative yu, a cubic expres-

sion ‘2! whose root is the required width.

[ Notes )
[1] Thatisfab-a=3, (b-a) -/b=3. (G)

[ 2] The expression in modern form is the equation: —-x* + 3x* + 45x + 81 = 0.

(C)
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15.
[ R3]
SHEREM, &L HIFZ, B, B¥, K/ \F. Rz KU
FHHZ, PWHATE U E K &L
EH: Py, R—+tR%,
ARE: LKRITL—HF, #on—AMATE, X, ik gKRZ. B_H
TARAIESE, —autNAET, KA ERE, DU T AR,
—NIER, =RGHZ, 2 %F. 5,

[ %]

(1 BtBP: [(Jab + J(a+b)) -a=8, fa+b-[b=1, (%)
[2] FHRXBBRERH: 2 - 483 - 2622 - 196x + 225 = 0, (BR)

[ 4% ]
SARFHBREKEF, &aF-F5, LRHAM0, BEH, #8F,
Az BKFEF, WKEPRGFEF/RHS 1P, #: AwWeK, #
P E 2

Z: M9y, Kl6¥,

K BRXA—AKFHEGE, oA KPS FEFR/H, XS
Wt ARBe A VA KRR, 158 225 A RR, —196 A— KA, —26
A kT A, AAZKREE, | ARHARAEH, FORF, F
B [E, HFEPTE,

16.

+3

SHERME, 5°M. —8%, AEZKERERE, F5-8, —8
%, 00 [ DU LAY



15. The sum of the square roots of the zhi ji and the he minus the width is 8 bu;
the square root of the length is less than the square root of the ke by 1 bu. '
Find the length and the width.
Ans. Width, 9 bu; length, 16 bu.
Process. Let the element tian be the width and the element di the he. Using
these elements we obtain 225 for the positive shi, 196 for the negative
fang, 26 for the negative upper lian, 4 for the negative lower lian, and 1 for
the positive yu, an expression '?) of the fourth degree whose root is the

required width.

[ Notes }
[ 1] Thatis, [Jab+1/(_a+b)] -a=38, a+b-—ﬁ= 1. (G)

[ 2 ] The expression in modern form is the equation: x* - 4x3 — 262 — 196x + 225

=0. (C)

16. The sum of the zhi ji and the width is equal to the sum of the jiao and twice
the he; the difference between the squares of the length and the jiao is also
equal to the sum of the jigo and twice the he. ''! What are the four matters

[ length, width, he, and jiao | ?

I %005 g
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EH: =2, KE¥,
mt¥, B—4F. "

ARH: SLRIL—RF, #oe—HmK, K. #HESKZ, B=HIEEL,
TG, —hmbE, SFARZ, B /8. X ALRIL—AK, #
JL—R¥, RKiG—+ R E, =AW Ty, FEBFIm—, 1 HK,
X ALRIL— N, Hoo—RW. KIG-LNIESE, NHANTT, —Hi
B, FArZ, UM, X SERIT— R, Hot—AK. RE=
MIESE, =Rf#77, L3E, Tikm—, ) B, &,

ek HEHIIE N

[ i8]

(1] BD): ab+a=2(a+b) + (b-a), P-(b-a)>’=2(a+b) +
(b-a) (¥8) .

(2] JRAR “Ffitd, B—2" T, #ERRESARICERN. (FR)

[3 ] AFAWBUUERXH: -2+ 2x + 3 =0, (BR)

[4] FHFXWBAIEAA: 30 - 12 = 0, (FR)

[5] FFHXMBIRIBRR: 2+ 6x + 7 = 0. (BR)

(6] A BIAENAR: -3x +3 = 0. (BR)

[ &% ]
AHKFTHEBRWE, FT2/808 KRS 14K 22, &
KFRBRKBER, LFTF2EHKEFS 1ENKFEZ o, B K, 9,
KiEfa, KEWHFEH S V7
. B3¥F, K4¥,
kKEAFAHTY, KMEH1F,
K BEA—AKFHAE, it—HhK, Rithitiaies i Kt
B, BF|3AFTHOR, 2A—KAERK, -1 ARSRAZEK, FF+7,
FEE, X ZRAOU—AKFTHHK, L—AHH, RO TIAE
SAEEM, 133 -12A4HFHA, 3AHA—KALRK, FASES, /3
¥, X BRA—AKFHA KBRS, WA—AB, A5 T8
SUAEELM, B TAFER, 6 h—KRAEZEK, -1 ARBRAZHK,
FF5, BB EEFf, L BEA—AKFHGKAEL, wT—AHK,
AL WAARRAVAEKLM, FR3AFHA, 3AH—KRALHK, ¥
BRM3EAE, —RAARAKIEAL X, R, HEKAELE, FEF,
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Ans. Width, 3 bu; length, 4 bu.
He, 7 bu; jiao 1 bu. '*:
Process. Let the element tian be the width and the element di the length.
Using these elements we obtain 3 for the positive shi, 2 for the positive
fang, and 1 for the negative yu, a quadratic expression [*! whose root is the

required width.  Again let the element tian be the length and the element

di the width. Using these elements we obtain 12 for the negative shi and 3

for the positive fang, a linear expression 4! whose root is the required

length. Again let the element tian be the he and the element di the width.

e
=
&n B
b
e

Using these elements we obtain 7 for the positive shi, 6 for the positive

fang, and 1 for the negative yu, a quadratic expression (5! whose root is the

53NN 40

ks |
=

required he.  Again let the element tian be the jiao and the element di the

length. Using these elements we obtain 3 for the positive shi and 3 for the

negative fang, the linear expression [® whose root, obtained by division,

is the required jiao.

[ Notes ]

[1] Thatis,ab+a=2(a+b) + (b-a)b*- (b-a)*=2(a+b) +
(b-a) (G)

[ 2] The original text lost the six characters he gi bu, jiao yi bu. According to the
statement and the question, we add them. (G)

[ 3] The expréssicn in modern form is the equation: -x* + 2x + 3 = 0. (C)

[ 4] The expression in modern form is the equation: 3x — 12 =0. (C)

[ 5] The expression in modern form is the equation: ~x* + 6x + 7 = 0. (C)

[ 6] The expression in modern form is the equation: -3x + 3 = 0. (C)



HIIE N

7Adff

17.
[ Bz ] |
AHERER, 5—K., A%, AEZKENRE, 5—K. =M
%, 00 ) K. &I
ZKE, =4, KT,
RE: SRIT—HF, Ho—HhEK, K. 4Rz, B—EHANE
%, ZHANAT, ZHANMERE, — b T, = h TR,
—NIER, WA FZ, A, X wRT—HEK, T KT,
RBENIEL, EHANEH, EHHNAEEE, —HA_HE, AN
AWFHE, —hahE, WRFFZ, 3 Bk, &,

&3:3
(1] BEP: (ab)a=b+5(a+b); 3FEP + (b-a)2=b+3(a+b)

(%h)
[2] FHFREILIER R, ¥ - 32 - 1227 + 36x2 + 36x — 108 = 0, (FK)
[3) FHRMBATEAR: 205 + 8 + 20 + 55¢ - T6x + 5 = 05 (BR)

[ 4% ]

AFMERABER, FTRESBGKAPZ , A& KEMKF

ER, FT¥kE53469kMpz o, B. k. AEA S
Z: M3¥F, KASY,
XK. BEA—HE, A—AK, RASRA ESALEH. 73]
~108 AFHA, 36 A—RAEHK, 36 A=KARE, 12 HA=ZKRA
B, -3AWRRAEZE, VARG RARY, FERF, FEH, X
EFEA—HEK, A—HE, RAERAMESALEHR, FESH
EHR, -T6HA—RAEZK, S5 —KARY, 2HZRARK, 8A
wWhR A, 2ARHRALRH, FERF, FEK, HEHF,



17. The product of the width and the zhi ji is equal to the sum of the length and
five times the he; the sum of the squares of the length and the jiao is equal to
the sum of the length and three times the he. ! Find the length and the width.
Ans. Width, 3 bu; length, 5 bu.
Process. Let the element fian be the width and the element di the length.
Using these elements we obtain 108 for the negative shi, 36 for the positive
fang, 36 for the poéit.ive upper lian, 12 for the negative second lian, 3 for
the negative lower lian, and 1 for the positive yu, an expression 2! of the
fifth degree whose root is the required width. Again let the element tian
be the length and the element di the width. Using these elements we obtain
5 for the positive shi, 76 for the negative fang, 55 for the positive upper
lian, 2 for the positive second lian, 8 for the positive lower lian, and 2 for

the negative yu, an expression -*’ of the fifth degree whose root is the re-

quired length.
[ Notes ]
[1] Thatis, (ab)a=b+5(a+b)andd + (b-a)’=b+3(a+b)
(G)
[ 2 ] The expression in modern form is the equation: x* ~ 3x* ~ 12x* + 36x? + 36x
- 108 =0. (C)

[3] The expression in modern form is the equation: -2x* + 8x* + 2x* + 55x* -

7ox + 5=0. (C)

| JI'G‘?H.
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18.
[ Fx) |
SHER, ZRITF2, BRUFRZ, REF=4, AEKUFFTF
2, EFF=HZ— L K, BT

AE: FRE, KA. |
RE: IRT—HF, #TE—HK, K. WRARZ, BERES,
NA—2875, — B /AN LB, TP 02 =0, —+ =AM TR,
—hiHE, WRITIFZ, ) BT, AT,

sk WHIAIE R

[ %]
(1) BB a- L o3 %A B -a=1/5. ()

a

(2] HARMBRIERH: - + 120" - 54x° + 108x% — 8lx + 4 = 0, (BK)

[ 4% ]
SAERFH @R, TR, AFRARBRZ, w@y3¥, A& K
FRF, W3 RFEFARS . P K, BEHS D7
: B4Y¥, KA64Y,

R BRA—HE, a—H%k, RALSRAIESARLE, F5)
AHFHR, S1A—KFAEK, 108 A KARHK, -S4H=ZKAR
F, 125wk FEK, -1 HARHAAEK, FEEkF, F3H, &
SRR .

19.
[ R3]
SHEB, =FHHZ, LFm—, g, D=2, RaKEFIH
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18. Divide the fourth root of the zhi ji by the width; the quotient is less than
the width by 3 bu; the square root of the length exceeds the width by half of
itself ') Find the length and the width.
Ans. Width, 4 bu; length, 64 bu.
Process. Let the element tian be the width and the element di the length.
Using these elements we obtain 4 for the positive shi, 81 for the negative

fang, 108 for the positive upper lian, 54 for the negative second lian, 12 for

the positive lower lian, and 1 for the negative yu, an expression ‘2! of the

fifth degree whose root is the required width.

[ Notes )
[1] Thatis,a - [ ab = 3; and,/E—az% b.(G)

a_

[ 2] The expression in modern form is the equation: —x° + 12x* — 54x° + 108x* -

Blx +4=0. (C)

19. Divide the fourth root of the zAi ji by the width; the quotient is less than
the width by 3 bu; the square root of the length is less than the length by
seven-eighths [ of itself |. [') Find the length and the width.



Z, ARENGFZE M ) K FEILfA?

i'g:EI H jizm'ff/’:; ﬁﬁ+M$a
ARE: SZKIT—RF, #x—hK, X, MEEGKRZ, BT hE5R

%, Nt+—HN_RE, —a/\ hm =5, L+, —+ =R
fx B, —HNIER, AFGHZ, 2 1/5F. &,

WeeH 1S I

gl

[ %)
(1] “RAFfi—" 2 “PA", ZHMetfE “”, XL, Bl o -

3 AV = (1-F) b (%)
(2] FHRBBARER R, 7 - 120 + 5455 — 108+ + 81x° — 64 = 0, (k)

b
a

[ 4% )
SERFHER, FOky, RAKANBRZ, LAY3IF, RE: ¥
FEF, FAKL. A: k. MEHS D7
. M4a¥, KAhedb,
R: BEA—HE, Aa—Ahk, RABRAAAERSAREE, 73]
~64 A EHOR, BIAZRAEZM, 108 HAWRA R, 544 £ KA &%
B, "12AXKAEREK, | ARFRARY, FLkikFy, F3H, #

A B iE

20.

[ Ex ]
ARER, BUNE, IUME, UATRZ, AKTi—. 85, BNE,

SENE . BRZFRmAR, mkKm—, mxK, 8NAE DE: K.
Y& JLAr?



Ans. Width, 4 bu; length, 64 bu.
Process. Let the element tian be the width and the element di the length.
Using these elements we obtain 64 for the negative shi, 81 for the positive
second lian, 108 for the negative third lian, 54 for the positive fourth lian,
12 for the negative lower /ian, and 1 for the positive yu, an expression 2!

of the seventh degree whose root is the required width.

[ Notes ]
[ 1] It is unnecessary that Luo Shilin changed the character yi of yi ping er yi into
s
ru. Thatis, a - —@= 3;andﬁ= (1 —%} b. (G)
[ 2 ] The expression in modern form is the equation: x” - 12x* + 54x° - 108x* +

8lx* - 64 =0. (C)

20. Multiply the zhi ji less the small width plus the small jiao by the great
width, divide the product by the great length and from the quotient subtract
the small width; the remainder is equal to 9 bu. Divide the square of the width
plus the great jigo by the great length and add to the quotient the great width;
the result is equal to 8 bu. ['1 Find the length and the width.

I %008 g
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652

EH: =%, KA#¥.

ARE: SERITL—RF, #x—RhK, X, #EAERKZ. BHAAANEN
+TAREE, —TEEZ+HNANANF, —AEF—BHET+HMELE
B, —TtALttARETR, —TEARE=F, WaLT+—H
MUUGE, —E-t+REAHE, =R, —THEINERE, —
AMNBE, —RiRE, WEAHZ, 215, B,

[ 8]

(%F)
[2] A BATEL R
-x10 4+ 2x% + 27x% — 53x7 - 170x° + 491x°-1208x* — 1776x* + 17152x% + 1728x

- 50688 = 0, ( BR)

[ 4iF ]
AR KFHEAR, BT, mbdk, AREZ, Bk, HFHK, AE
DF, AAIY ., RE: MIF MR, kK, kK, F8¥F, F:
K. A&4 %07
Z: M3%, KA6H,
K: REA—HE, wi—Hk, RAbEwAiaREALLME, /2]
—50688 4 FHA, 1728 A— KA EH, 17152 A4 = KR &$, —1776
AZKRABRK, —1208 AWARARZK, 491 AR KA FRH, -170 A<
KAHEY, -53ACKAEH, 2TANKAZEK, 2ANKRARHK,
-1 ARBRAERK, FHAiF, REE, FEHHHE,



Ans. Width, 3 bu; length, 6 bu.

Process. Let the element tian be the width and the element di the length.

E”lﬂﬂﬂ.
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Using these elements we obtain 50688 for the negative shi, 1728 for the
positive fang, 17152 for the positive upper lian, 1776 for the negative sec-
ond lian, 1208 for the negative third lian, 491 for the positive fourth lian,
170 for the negative fifth lian, 53 for the negative sixth lian, 27 for the

positive seventh lian, 2 for the positive eighth fian, and | for the negative

yu, an expression ‘2! of the tenth degree whose root is the required width.

€ =
=
o
en B
[ Notes ] Eﬁ
b a o — ]
[ab - 4+ (g-4)]a 24 (b-a) ~+1
. b a _ a a + a _ #
[ 1] Thatis, - —3—9.3111:[ +b=8. E
(G) =
.

[ 2] The expression in modern form is the ﬁ]uatiun: x4+ 2x* + 27x% - 53x" -

170x° + 491x°-1208x* — 1776x° + 17152x* + 1728x — 50688 = 0. (C)
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gl

21.
[ R3]
SERERT, WARE, FHT2, SEES. RARIKNAR, Wi
R, ST, SAEEIE. D E A B &L
KE: A=, RIS,

L, — M, —E—TAAEE, NE-t NS, —ThH
B ANA=EE, AR, —TFtalttEANa
B, —THhHE=1T"R%~E, ~NELET+—RINEHE, 1+ 3PN
B, ST REIEE, NI, PRFIFZ, D Ba=4%., &

[ %)
(1] B Jar:+ (b-—a) =b; #H_Bf_b*— ([(a+b) +c]l=c-a. (%)
(2] “H&”, FESCHAE “5%7, HKEEELE. (38)
[3 1 FAKXBBUCE N
8x'" — 60x'" + 22x° + 671x% — 1932x7 + 2747x5-2446x° + 1520x* — 620x° + 110x?
+ 14x - 6 = 0. (BF) ZFLHGA RN HFEIFHEZ2IER. (F7)

[ 4% ]
HSF A EME, AR, T, AFHESREFMF. A& KRE
Mk, BEEpf, Fiks, AEREHZEMF. 9: H, REA 3
y?
2. 3%, B4V, |
A: REA—AHE, A—ARZER, RALRAAELSALLH,
FE -6AFHA, 14H—KAEE, 110 =KAEZHEK, -620 4=
KR AE, 1520 A RAEE, —2446 A 5 KR Z ¥k, 2747 A7 RA
¥, 1932 A kMA, 671 ANKAAEI, 2 HHKRAELHEK,
-60 A+XRREHK, SHRBAAEZEK, F+—KRF, JFHH, F&
FriEl o



21. The square root of the sum of the gou times the xian plus the jiao equals

the gu; the cube of the difference between the xian times the gu and the sum

of the xian and the he equals the xian less the gou.!''Find the gou and the gu 2

Ans. Gou, 3 bu; gu, 4 bu.
Process. Let the element tian be the gou and the element di the xian less the
gu. Using these elements we obtain 6 for the negative shi, 14 for the posi-
tive fang, 110 for the positive upper lian, 620 for the negative second lian,
1520 for the positive third lian, 2446 for the negative fourth lian, 2747 for
the positive fifth lian, 1932 for the negative sixth lian, 671 for the positive
seventh lian, 22 for the pdsitive eighth lian, 60 for the negative ninth lian,
and 8 for the positive yu, an expression '3’ of the eleventh degree whose

root, 3 bu, is the required gou.

[ Notes]

3
[1] Thatis,/ﬂc+ (b-a) =b;and {{b{.‘ - [(a+b) +c)] =c-a (G)
[2] The gu was mistaken as xian. According to Dai Xu’ s research, we revise it.

(G)

[ 3 ] The expression in modern form is the equation:
8x!! — 60x'° + 22x° + 671x% — 1932x7 + 2747x5-2446x° + 1520x* - 620x° + 110x°

+ 14x — 6 = 0. (C) Luo Shilin considered that the equation was not completely right.

(G)

HJIOOE.
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WwHEIE IR

A8k

=A%l +—n

1.
[ Fx )
AF B, MR, IR, SHERES., R gRR=HA,
SargfE, ) . LA
E . —+,
RE: SLRT—HE, HITT— B, ATE—HK, =AMERZ, 8
=HPURIES, — kT, —HER, A, 2%, &,

§:2:3
(1] HBp: ab-[(Bb-a) +c] + (c=b)2=[c- (b-a)l?
a-(a+b+c)=c+(b-a) (F)
[2] HAXRBRIERA: 22 - 192 + 34 = 0. (BR)

[ 4% ]
SHERFH @R, BiERf, WRERE, EERERRE. 25 4
FEH, B, BE2H2h, 5EEFBEF, P ZHE D
2. 17%,
R: BEA—HKE, A—HB, AR—H5E, KA, ABALZ
FARBAS AR, FRMAFTHRA, - 19A—KRAZEK, 1 ARF
KRR, T+F5, F3Z, HEHE,

2,
[ Fix)
SHER, MEHTE, Tk, SHZEERS. A5 KRR

A, FABRZ, SBRAOBZER. Y E. =AAILE?



San Cai Bian Tong ( Changing of the
Three Talents or Expressions in Three
Unknown Quantities )

11 Problems

1. The zhi ji minus the sum of the xiar and the jiao plus the square of the
difference between the xian and the gu is equal to the square of the difference
between the xian and the jiao; the square of the gou minus the sum of the
three [ gou, gu and xian ]is equal to the sum of the xian and the jiao. "'’ Find
the xian.
Ans. Xian, 17 bu.

Process. Let the element tian be the gou, the element di the gu, and the

element ren the xian. Using these three talents [ elements ] we obtain 34

for the positive shi, 19 for the negative fang, and 1 for the positive yu, a

quadratic expression'2’ whose root is the required xian.

[ Notes ]
[1] Thatis,ab - [(b-a) +c] + (c=-b)2={c- (b-a)l?
a2-(a+b+c)=c+ (b-a) (G)

[ 2 ] The expression in modern form is the equation: 22 — 19z + 34 = 0. (C)

2. The square root of the sum of the zhi ji and the square of the huang fang is
equal to twice the difference between the xian and the gou; the square root of
the difference between the xian less the jiao squared and the sum of the gu

and the gou is equal to the gu less the difference between the xian and the

EHGOG.
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HHAIEN

o

BH: —+ %,
ARE: SIKIT—HE, #oo—RE, AJt—R=AMM, = HEEKZ.
BNENTFERREE, MTF—EHWRES, WA T a1/
LB, AA=FEI/RETE, BF B CANME, =FT5HF

ZD [2] %I\HJD

[ 58]
(1) HBP.Jab+ [(a+b) -c]?=2(c-a),
Jlc- (b-a)l*- (a+b) =b- (c—-b) (55)

(21 FHRABAIE R A 42007 — 539987° + 4222872 — 4104z — 864 = 0, ( B )

(&% ]
SR kFHERmEFF, FFF5, TG 2800 Z8MF, A&
ERRFBREDRA, FEF, A AR RARZEAMF, B §. K.
BEELAAH ST |
£ 12%,
K. BEA—HE, WA—AK, AL—AH, K, Z=FZP, X
. ABATZENBRSVARLME, /53] 864 4 FHA, —4104 7
— R F M, 42228 A KR AL, —53998 A Z KM R4, 4209 A R
BRMEHK, kG, B, FEHE,

3.

[ R )

ASHTRR, WEfi—, 8, B—F. =8, KR5FF. RaKFH,
W, 58, —%FE . AR, KR, B, WL K. —
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gu. 1) Find the sum of the three ( sides ).
Ans. 12 bu.
Process. Let the element tian be the gou, the element di the g#, and the
element ren the sum of the three. Using these three talents we obtain 864
for the negative shi, 4104 for the negative fang, 42228 for the positive

upper lian, 53998 for the negative lower lian, and 4209 for the positive

yu, an expression (2} of the fourth degree whose root is the required sum.

[ Notes ]

SJISSYID

[1] Thatis, Jab + [(a+ b) -c]?=2(c -a),

FHELRY L LE L

1/[6— (b-a)]?*~(a+b) =b-(c-b) (G)

=%
e

i

¢
b

[ 2 ] The expression in modern form is the equation: 42097* — 539982* + 4222872

- 4104z - 864 = 0. (C)

3. Multiply the width by the zhi ji and divide the product by the length; sub-
tract the sum of the width and three times the jiao; the remainder is equal to
the width. Multiply the he by the length and subtract the width; the remainder

is equal to twice the zhi ji plus the jiao.'' ! Find the sum of the six matters: the



—Ad HHIEE

660

FAFERGILT?

BE S

RE: SIRTE—HE, WE—HR, AT—RFFH, =AHRRZ.
B—F A FARES, AHANET, —NERB, FHFZ &,

[ 5]
[ 1] IED. -‘%ﬂb}- la+3(b-a))l =a, b(a+b) —a=2ab+ (b -

a)c- {5[5]
(2] K (a+ b))+ + (b-a)?+ (ab+a+b), (5)
[3 ] FFEEPRrRE. () AR BARIER A, 22 -~ 96z + 188 = 0, ()

[ &% )
AKRFHAHMERR, BaK, FF, AEHb 34E6KELEZF,
FEE5EMAF, Ax: KEKHEP, BEH, FT2£89KFHaERE
K2 Fe, F: KMAF, ZF. KRAEF, EFKFBER, K,
CEaE 30 E 2
. 94%,

K: BEA—HE, A—HK, ATL—HFEHK, R4, AEA

AEHAABE AR, 2188 A FHR, 96— RAFZH, 1%

o RR &, FF5, BT, BHE T,

4.

[ R3]
SEKFR, B, m¥m—, Brg, M8, mKim—, 8F, 5—

BE. RakKFEE, mTER, RUKMN—, 5S8R, [: 85, M



zhi ji, length, and width, and the squares of the ke, xian and jiao!?’
Ans. 94 bu.
Process. Let the element fian be the gou, the element di the gu, and the
element ren the required sum. Using these three talents we obtain 188 for
the positive shi, 96 for the negative fang, and 1 for the positive yu, a qua-

dratic expression’*’ whose root is the required sum.

[ Notes ]
[1] Thatis,a(;b)— a+3(b-a)]l =a,bla+b) —a=2ab+ (b-
a) (G)

[2] Thatis, (a+b)2+c2+ (b-a)*+ (ab+a+b) (G)

[ 3] The expression in modern form is the equation: z2 - 96z + 188 = 0. (C)

4. From the product of the length and the zhi ji subtract twice the width and
divide the remainder by the width; add to the quotient twice the jiao and
divide this sum by the length then subtract the width; the result is equal to the
jiao. From the zhi ji subtract the product of the length and the jiao and divide

ﬂ’lﬂaﬂ.
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Ak HHIEN

K. TR BE, H—M. —F. =K. ARSI (2
ZHE: At A,
RE: SEXRIT—HE, HIT—HE, Aot—HFEK, =AHERZ.
BEAATFAEANES, BEAH SN, —HEB, ¥HHF
2,0 Al

[ %)
b(ab) _20+2(b—a)
[ 1] B . “ -a=b-a,““4”:‘”)=ﬂb
_ﬂ)c{%)

[2) K (ab)? + (a+b)+b +a + (b-a)2+ [(a+b) +2a+3b
+4{b—ﬂ}]o($ﬁ)
(3] FAHRIRIER N 22 - 569z + 79608 = 0, (BR)

[ &%)
AXFkFHHKEBRR, R, RAR, FE, R2EHKRE, B
Ak, B, AR ERKAERTF, RE: KEKAEL, RTKFHER,
AKX, FT2E848KHAEL, &, kFBERZIF, KARFE, K
F.RAFE, KBER, £F 184 KHEP, 248608, 34868 K, 4424
K ENE£A S S?
. 248 %,

X. BEL—HEY, wa—AK, AL—A3E$, R4, BLEA

AEHARBAS VAR LB, 15379608 A F N, —569 A—KA &H,

1 AR BAALRHK, 5, BF, HEHF,



the remainder by the length; the quotient is equal to twice the jiao. (1) Find
the sum of the nine matters: the ke, twice the width, three times the length,
four times the jiao, and the squares of the zhi ji, he, length, width, and jiao *.
Ans. 248 bu.
Process. Let the element tian be the gou, the element di the gu, and the
element ren the sum of the nine matters. Using these three talents we ob-
tain 79608 for the positive shi, 569 for the negative fang, and 1 for the

positive yu, a quadratic expression'*’ whose root is the required sum.

[ Notes ]
b(ﬂb)_zﬂ Z(b— )
[ 1] That s, a b+ . —-a=b-a, ab_b{:-ﬂ)=2(b
~a) (G)

[2] Thatis(ab)?+ (a+ b)? +b* +a* + (b-a)*+ [(a+b) +2a+3b

+4(b-a)) (G)

[ 3 ) The expression in modern form is the equation: 2> — 569z + 79608 = 0. (C)

EXOOE-
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gk WrHAIE

5.
[ Fx )
AHEER, WA, ek, maks, BER, Mg, e
MR, DR, MR, LAk, B, —ARR, 54%. Rz
RRBTE, UREZ, MER, BA%, Uk, S%E. 0 E: &
i, TER, BB, —It— T HERE L7 (2
%E: A+,
RE: SERT—HE, BTN, AT—HHFR, =R,
B FEFBAFHEL, —FA+=R%F, —+HENER, F
FFZ. ) £,

[ %)
i[nb— (a+b)§a+ (b -a) —ab+ (a+b)lb+b
[ 1] BEp, a2 *[Zb'i‘
a—b-z~+ab-a1
(b-a)l =a, 2 = ¢, (¥8)

a

(2]ieHMZM (a+b) + (a+c) + (b+c) +[(a+b) +c] +[c+
b-a)l HA, ARZM (b-a) + (c-a) + (c-b) + [c-(b-a)] +
[(a+b) —c]AB, HBIRA + B+ ab+c. ()

[3] FHXMBCER N 272 - 2083z + 15180 = 0, (BK)

[ 4% ) _
AXR,FHOER, BAYRA, RAf, mOHRE, BKkFHBER, &
R, iRk, RARR, Mk, B, RE2E68KE 1EMHK
%, 54M8%, R&: QERF, BAKR, mKFHEaRN, B, R



5. From the zhi ji subtract the sum of the gou and the gu and multiply the
remainder by the gou, add the gu less the gou then subtract the zhi ji and
divide the result by the gu; add to the quotient the gu plus the gou and multi-
| ply the sum by the gu; to this product add the gu and divide the result by the
gou;, subtract from the quotient the sum of twice the gu and the difference
between the gu and the gou; the result is equal to the gou. Divide the product
of the gou and the square of the gu by the gu, add to the quotient the zAi ji and
subtract the square of the gou, then divide the remainder by the gou; the result
is equal to the xian. ' Find the five he, the five jiao, the zhi ji, and the xian,
the twelve matters taken together.'?’
Ans. 69 bu.

Process. Let the element fian be the gou, the element di the gu, and the

element ren the sum of the twelve matters. Using these three talents we

obtain 15180 for the positive shi, 2083 for the negative fang, and 27 for the

positive yu, a quadratic expression'*] whose root is the required sum.

(/]

[ Notes ] _
i[ab— (a+b)£3a+ (b—-a) -ab+ (a+b)b+b
[ 1] That is, 2 - -1 2b
ab -
av’ . b -a?
+(b-a)] =a, b ¢ a:c.(G)

[2] Letthesumoffivehe, (a +b) + (a+c) + (b+c) + [(a+b) +
¢l + [c+ (b —-a)lbeA. Let the sum of five jiao, (b -a) + (¢ -a) + (c -
b) + [c— (b-a)] + [(a+b) —c], beBThatis, A+ B +ab+c. (G)

[ 3] The expression in modern form is the equation: 27z° - 2083z + 1518ﬁ = 0.

(C)

HHOOE.
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BEHIE R

18

LA, G, B G fkAe, 8 iEkAe WA, Bk, BRARXE
Fo, BARE ., 41758, RZER ., ZRE, ZHRX A, &G 1156
¥FsHEaR, 11+ _Fiz b 07
2. 69, _
K. EEA—HE, A—HE, AL—HFEH, X4, AEA
AEF B v A KL, 155) 15180 4 F#OR, 2083 A — KA A ¥,
27 ARGKA R, F¥+F5, iF. HEHFL,

6.
[F3 )
ABHEB, BARKM, ARk, maRe, sEM, LRERZ, mz)
REA, DA, ok, DABRZ, Wi, AR, 589%. R
R, URERZ, MER, BAR, DAk, 5%, F: %8
Bk 5B L7
ZHE. WHA#H,
ARE . SRIL—NE, #i—Hk, AT—HRIFE, =AHEORZ.
BATRIES, WARTEEAT—RZEF, JLAEET AN, F
HHZ I Ainl,

[ iF% )
[1] FHFAHIMATER N 97222 - 46781z + 6000 = 0, (R ) HMR K [c - (b

"a):l ﬂb:: (%}

[ 4% )
ARKFHG @R, BLEF, RALG, MR, RRKFBER, R
VARE, Med)REAe, FOARE, WAL, RUAE, BME2RAKRE 1N AR
i, 5%, 25 HERRE, RAK, mKkFZHBER, RIFK, B
A8, SRS, Fl: RRBREKFHBERA VT
2. 48 ¥,
K. BEA—HE, WA—HK, AL—HFKE, XU, ALEA
7t = EIaE A vA K IR, £53] 6000 4 F 3R, —46781 A — KA # 4,
N ARBKARK, FFFH, FFiF. F&PF,
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6. From the zhi ji subtract the sum of the gou and the gu and multiply the
remainder by the gou, add the gu less the gou then subtract the zhi ji and
divide the result by the gu; add to the quotient the gou plus the gu and multi-
ply the sum by the gu; to this product add the gu and divide the result by the
gou; subtract from the quotient the sum of twice the gu and the difference

between the gu and the gou; the result is equal to the gou. Divide the product

of the gou and the square of the gu by the gu, add to the quotient the zhi ji and

subtract the square of the gou, then divide the remainder by the gou; the result

is equal to the xian. Find the product of the zhi ji by the xian less the jiao.
Ans. 48 bu.

Process. Let the element tian be the gou, the element di the gu, and the
element ren the required number. Using these three talents we obtain 6000
for the positive shi, 46781 for the negative fang, and 972 for the positive

yu, a quadratic expression!'! whose root is the required number.

[ Notes ]
[ 1] The expression in modern form is the equation: 972z% - 46781z + 6000 = 0.

(C) Thesquarerootis[c — (b -a)lab. (G)
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[ R3]
SAER, BB, Ak, make, mER, DIRERZ, sz
‘ M, LIBoRZ, ik, LAk, &, —aR¥E, 549%. Ra
BFRBEE, VRERZ, mMER, BAR, UAakkz, 5%E. [E: %M
e 18 LA 7

EE: Z W8,

RE: SMRITG—HE, HIT—HIE, ATT—HAFH, =AHEKRZ.,
BABARAGEE, —TFT=ZBZ+—HRNF, A+ RE, FHH
Zo' Flh,

Ak WFHIAIEN

[ %) |
[1] FARBIRIER R, -5422 + 13212 - 600 = 0. (BE) HiBH [(a + b)
+c][(a+b) -cl FEHBIRMEIMR, (F)

[ &% ]
SRKFHGERR, BEA BRI, LY, iR, RKFHER, K
VARE, i MFe, FVARL, AL, BV, BRE2MEHRE 14K
¥, 54m%, R&: HERE, Rk, kS HBaR, BOK, B
), HEEAAF, Fl: Bl RaxFHE )7
2. 24%,

K. BEA—HL, WA—HE, AX—4r ¥, R4, BABHA
AEZHABERSAKEM, 135 600 A FHA, 1321 A—RARHK,
-S54 ARBHARARK, FF+F5, BPH. HEF,



7. From the zhi ji subtract the sum of the gou and the gu and multiply the
remainder by the gou, add the gu less the gou then subtract the zhi ji and
divide the result by the gu; add to the quotient the gu plus the gou and multi-
ply the sum by the gu; to this product add the gu and divide the result by the
gou; subtract from the quotient the sum of twice the gu and the difference
between the gu and the gou; the result is equal to the gou. Divide the product
of the gou and the square of the gu by the gu, add to the quotient the zhi ji and
subtract the square of the gou, then divide the remainder by the gou; the result
is equal to the xian. Find the product of the huang fang by the xian plus the he.
Ans. 24 bu.
Process. Let the element tian be the gou, the element di the gu, and the
element ren the required number. Using these three talents we obtain 600
for the negative shi, 1321 for the positive fang, and 54 for the negative

yu, a quadratic expression! '] whose root is the required number.

[ Notes ]

[ 1] The expression in modern form is the equation: -542% + 1321z — 600 = 0.

(C) Thesquarerootis [(a + b) + c][(a + b) - c]. Luo Shilin considered that the

problem was mistaken. (G )
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8.
[ R3]
AAER, WA, AT, AR, BER, UK, s
MR, R, M, UAKRZ, WMo, A, 5A%, AR
AR, LR, ER, AR, DAk, SR, [ 5N
e 7 8648 LA 7 |
ZH. WA= 1%,
RE: STRTE—HE, HT—HE, AT—RFF, =AHERZ.
B=4AAEFRENES, MAATG=1TRN8H, —A/NR
EME, FHFZ. 1 A, |

[iE8])
[1] AR R 10822 - 46235z + 367500 = 0, (PR) HIBANA x

B, (3)

[ 4% ] |
AREFHGER, BRE A, ALY, mAKE, REFSHBER, K
AL, by Ae, RN, ARk, BRAS), BE2E0RE 180K
%, 5%, RE: HERKRE, BRUKR, hKkFHER, ARHF, &
Ak, Hiia¥, Bl AfRERAKA S DT
2. 4209,

K. BEA—AH, WA—HK, AAL—AFKE, XL, ALEA

AR A KM, 152) 367500 4 F A, —46235 A — RA &

¥, 108 AZKFBHKRAAS, FT-FF5, BpF. FHEATF
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8. From the zhi ji subtract the sum of the gou and the gu and multiply the
remainder by the gou, add the gu less the gou then subtract the zhi ji and
divide the result by the gu; add to the quotient the gu plus the gou and multi-
ply the sum by the gu; to this product add the gu and divide the result by the
gou;, subtract from the quotient the sum of twice the gu and the difference

between the gu and the gou; the result is equal to the gou. Divide the product

of the gou and the square of the gu by the gu, add to this quotient the zhi ji and
subtract the square of the gou, then divide the remainder by the gou; the result

is equal to the xian. Find the product of the five ke by the five jiao.

X
—
=
R
£
-
o

Ans. 420 bu.
Process. Let the element tian be the gou, the element di the gu, and the
element ren the required number. Using these three talents we obtain 367500
for the positive shi, 46235 for the negative fang, and 108 for the positive

yu, a quadratic expression''’ whose root is the required number.

- 671
[ Notes ]

[ 1] The expression in modern form is the equation: 1082% — 46235z + 367500 =

0. (C) The squarerootisA x B. (G)
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[ R3]
SHEMR, WA, Uaks, WaRE, sEM, UBERZ, ma
A, LI, mik, ARz, B8, —aE, 559%. Rz
HFeRFE, VBBRZ, MEMR, MR, UARZ, 5%, [: LK
ZEIBRTL, e =ARFIRILAT? |
EH: N
RE: SKITE—HE, HIL—HE, AT—HIFH, =AHERZ.
B=-RIESL, W+—K#H, RNHER, FHHFZ ! GR,

sk WRHAIE N

[FR)
H1ﬁﬁﬁ%ﬂﬁﬁﬁku@—4u+m=m(%lﬁﬁﬁ§m(a+h+
ﬂ)ﬂ (%}

(&iF]
AR kFHOER, BYRA, rf, mHRK, BKFHER, B
VARR, Aed) iAo, AL, MRk, BRVAR, BRE2EHRE 1M HRE,
544%, 2% JREFR, B, mkFHER, ROF, BRY,
5EARF, ¥l BRALEZA, RAH. R, B=EIPHED?
. 6%,
K: BEA—HE, WAL—HAK, AL—HRE, XL, ILEA
AZEAREASARLME, FR304FHA, 41 A—RARK, 64
RERALRY, FrF5, FF. HEPF.

672
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9. From the zhi ji subtract the sum of the gou and the gu and multiply the
remainder by the gou, add the gu less the gou then subtract the zhi ji and
divide the result by the gu; add to the quotient the gu plus the gou and multi-
ply the sum by the gu; to this product add the gu and divide the result by the
gou; subtract from the quotient the sum of twice the gu and the difference

between the gu and the gou; the result is equal to the gou. Divide the product

of the gou and the square of the gu by the gu, add to the quotient the zhi ji and

subtract the square of the gou, then divide the remainder by the gou; the resuit i-; g,,
is equal to the xian. Find the product of the xian by the sum of the sides %,i"j %«
divided by the five jiao. i E
Ans.6 bu. gfi

44

Process. Let the element rian be the gou, the element di the gu, and the
element ren the required number. Using these three talents we obtain 30

for the positive shi, 41 for the negative fang, and 6 for the positive yu, a

quadratic expression! '] whose root is the required number.

673

[ Notes }

[ 1] The expression in modern form is the equation: 6z - 41z + 30 = 0. (C)

Thesquammﬂtis-g- x (a+b+c) (G)
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10.
[ Ex ]
SHEMR, BABRM, ek, mags, mE#, URERZ, e
B, LU, ik, DAkRkZ, BB, —aBE, 59%. Ra
R, Uz, MER, BaAR, LAk, 5%F. [@[: 7,
. A, BEZ+=3EHRE, RERRERILM?
EEH: .
ARE: SIKTL—HE, #IT—AK, ATT—AFH, =AHEORZ.
BREFAABTENES, —AANTNAN I AN+, —TA
ANRTABZTAER, FHFZ M Fh.

[ %)
(1] FHFRBARTER Y 18662422 - 1680241z + 5625 = 0, (BR) HiRH
b
x ab, (HB)

A+ B+a+b+c

[ &%)
AE¥FHGER, BB, BAEY, MOKRK, REFHBER, B
AR, i REAe, RAMR, MR, BRAY, RE2EHRE5 19K
¥, 5H4e¥F, RE: AEREF, RR, mEkFHER, RGF, B
Ak, BasaF, Bl BRRALf, 28, §, B, ZT=0Z4f, %
AKFHER, F5 307
Z: 9%,

. BEA—HE, WA—AB, AL—AKE, XL, TEA

A EFAAEA A KM, 155) 5625 4 ¥ XA, —1680241 A— KA &

¥, 186624 AR B AKRA LK, FF+7, Fig. HEPPF,



10. From the zhi ji subtract the sum of the gou and the gu and multiply the
remainder by the gou, add the gu less the gou then subtract the zhi ji and
divide the result by the gu; add to the quotient the gu plus the gou and multi-
ply the sum by the gu; to this product add the gu and divide the result by the
gou; subtract from the quotient the sum of twice the gu and the difference
between the gu and the gou; the result is equal to the gou. Divide the product
of the gou and the square of the gu by the gu, add to the quotient the zhi ji and
subtract the square; of the gou, then divide the rémainder by the gbu; the result
is equal to the xian. Find the product of the gu by the square of the zhi ji
divided by the sum of the thirteen matters: the five he, the five jiao, the gou,
gu, and xian.
Ans.9 bu.

Process. Let the element tian be the gou, the element di the gu, and the

element ren the required number. Using these three talents we obtain 5625

for the positive shi, 1680241 for the negative fang, and 186624 for the

positive yu, a quadratic expression' ' ! whose root is the required number.

[ Notes ]

[ 1] The expression in modern form is the equation: 186624z* — 1680241z + 5625

b
A+B+a+b+c

x ab. (G)

= 0. (C) The square root is

HW.
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11.

[ R3]

SR AEBIRBGL, A, i, BRER—F. RBRRERE

BB, WK, 7, BELOERFESSE. ) B KRB
BH: —¥,
ARE: i XKIG—H4], #io— R, AJo— R, = HEORZ .
B=FHEATHESE, LtEATHINY, EtTFANERLTHAREL
B, —T—8=1WN8 8, ~STAE_ T A8N=F, tE -1+
MIMURE, —TABHAETE, —H=1T=hi 5, ~NAL
+RMCHE, = HARIMNBE, A+ RS SUlE, —hHHE, Uk
IER, +—FFFZ 12 &,

HEEHSIE I

-8

[ i8]
(1) BkBD: J(c-a)(b+c) + (a+b) —b=1; 3#H
[((a+b) -c)?- J(c=-b)[c+ (b-a)] —c=3, ()

[2 ] FF AR N
Q 4x'2 — 2x" — 82x'0 + 36x° + 670x® — 233x7 - 2829x + 7205 + 6522x* — 1134x°
- 7698x* + 760x + 3560 = 0., ( BK)
676
[ 5% )

LK ERFERZR, RBRFP, A5, ARABOLRZ 1Y, RE:
R izdx s A, B EZ, FFF5, RFRREFZIFII T, B &
Fodk A % V2
2. 2%,
K: BEA—HEY, WA—A4K, A—HhiERK, XL, LEA
LEEARRASVARELEME, 535 3560 A FHA, 760 A—RAZ K,
~7698 h kM &K, —1134 H =KW A8, 6522 A v kA &3, 720
HERREM, 2829 AAFNKMAAK, -233 A LRAAREK, 670 AN
KREM, 36 ANAAEHK, -82H T RALH, 2HhT+—KA%
¥, dARBHRARK, F+=KRF5, HEeFiFE,
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11. To the product of the xian less the gou by the xian plus the gui add the gou
plus the gu; the square root of the result exceeds the gu by 1 bu. From the
product of the xian less the gu by the xian plus the jiao subtract the xian; the
square root of the result is less than the square of the huang fang by 3 bu. (1]
Find the he less the xian.

Ans.2 bu.

Process. Let the element tian be the gou, the element di the gu, and the
clement ren the he less the xian. Using these three talents we obtain 3560
for the positive shi, 760 for the positive fang, 7698 for the negative upper
lian, 1134 for the negative second lian, 6522 for the positive third lian, 720

for the positive fourth lian, 2829 for the negative fifth lian, 233 for the

P

ot
[T Ly
hfu
i
P
=
e
g~
=
e
-4
e

negative sixth lian, 670 for the positive seventh lian, 36 for the positive
eighth lian, 82 for the negative ninth lian, 2 for the negative tenth /ian, and
4 for the positive yu, an expression(?! of the twelfth degree whose root is

the required number.

[ Notes ]

[1]Thatis,|/(c.—ﬂ)(b+c) + (a+b) -b=1; and

[(a+b) ~c)2-J(c-b)[c+ (b-a)]l —c=3. (G)
[2] The expression in modern form is the equation:4x'? — 2x'' — 82x' + 36x° +

670x% — 233x7 — 2829x° + 720x° + 6522x* — 1134x* - 7698x* + 760x + 3560 = 0. (C)
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[ R3]

SHDIY. =K, MHFZ, PR—F. Rz=M. W%, ¥Fifz,

BB, (0] SEBBUH O IR L7
BH. ¥,

ARE: SLRIT—HE), HT—R &, Au—HRiZ, Bo—RITE,
RMERZ B=EHNF=AATRIEE, LTI,
FHEZ RN LR, AN 5, 8 HHR3E =5k,
+haE U, — M, AEFFHZ. 2 FlAE,

gl

1 H B

[ %)
(1] MR b-JSa+3b=1,/3(a+b) +4(b-a) -a=2, (%)
[2 ] FFREBUCHER N — ub - 30u° — 264u* — 2801 + 5520u* + 74080u +
39360 = 0, (Fk)

678

[ & ]
SAKFHESEGRE3@EG K, Fih, AFHERY1F, R
z: 3EH KA 544G KB E£Z fo, 35, RFHELG 25, 9.
ZRBERF-—EFZIAAZ DT
6%,
K: BEAL—AHEY, WA—AK, AL—HTE, A—AFKHE, X
. Wi, AL, AaaE AL RKEM, 133 39360 4 ¥ A,
74080 % — KR % ¥, 5520 4 =KW A, 2804 = KH A ¥, 264
AQRARE, 30AHERREH, - 1ARGHRAZEK, FFRF,
HFEPrE, |



Si Xiang Chao Yuan ( Expressions in
Four Unknown Quantities )
6 Problems

1. The cube root of the sum of five times the width and three times the length
is less than the gu by 1 bu; the square root of the sum of three times the ke and
four times the jiao exceeds the gou by 2 bu. !'! Find the sum of the two
matters: the huang fang and the c{ifference between the xian and the jiao.
Ans.6 bu.
Process. Let the element tian be the gou, the element di the gu, the element
ren the xian, and the element wu the required number. These four phenom-
ena meeting we obtain 39360 for the positive shi, 74080 for the positive
fang, 5520 for the positive upper lian, 280 for the negative second lian, 264
for the negative third lian, 30 for the negative fourth lian, and 1 for the
negative yu, an expression’ 21 of the sixth degree whose root is the required

number.

[ Notes )

3
(1] Thatis, b - JSa+3b=1,/3(a+b) +4(b-a) —-a=2 (G)
[ 2 ] The expression in moder form is the equation: - u® — 30u® — 264u* - 280u°

+ 5520u® + 74080u + 39360 = 0. (C)
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2,
[ ")
AH BRI\ 52 = o A7 BT A SRR 52 — 0
. WA, R LT
KE. =14,
REI: St FT— W, WIT—HB, ATo—H, WT— N, I
SRR, BATNEE, —F—EUNY, H AR, b
B, ST, 2 A, |

[ %)
(1] 0kBf: ¢+ (b-a) =%—b2, (¢ - (b_-a)]3=% (a+c)i ($B)
[2] FARBERER R -9 + 30062 + 1100u — 60000 = 0, (FE)

[ 4% ]
AR BERFFTHRY S, A% BREFFTHEMROL. A: 2
16955, 44804 2R =FI A S VT
309,
K: BREA—AE, A—AR, AR—HE, WA—HFEHK, X
A Wi AT, B mFAaFe 2 AR, 52| -60000 # H HA,
1100 %4 — KR R, 3008 =~ RARH, IARBRARK, F1F,
FEPriEl o

3.

[Rx )
AHLMBTM AL, KRR —BARM, RALHAMERAB
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2. The sum of the xian and the jiao is equal to three-eighths of the square of
the gu; the square of the difference between the xian and the jigo is equal to
- one-fourth of the square of the sum of the xian and the gou. ' !'Find the sum
of the three matters: twice the xian, four times the gou, and twice the gu.
Ans.30 bu.

Process. Let the element tian be the gou, the element di the gu, the ele-

ment ren the xian, and the element wu the required number. These four
phenomena meeting we obtain 60000 for the negative shi, 1100 for the
positive fang, 300 for the positive lian, and 9 for the negative yu, a cubic

expression 2} whose root is the required number.

[ Notes ]

(1] Thatis, c + (b - a) :%bz, [e - (b—a)]’=-::—(a+c)“. (G)
[ 2 ] The expression in modern form is the equation: =9 + 300:? + 1100z — 60000

=0. (C)

3. The square of the difference between the he and the xian plus the square of
the difference between the xian and the gou is less than the square of the gu by

the sum of the gou and the xian. The square of the sum of the xian and the he,
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7|9k

f, RSLAOR, IR, W RREE— B, L A . X
= TR LA |
BE — .
RE: RN, Ho— R, ATT—N%, Mit—NTFK, M
GRIaRE . BN, AR, ATE+— b
ERE, AT, REAT IS, AE ARSI,
M, ERFFFZ. ) AR,

[ %) |
(1) Bp: » - {[(a+b) —c]*+ (c-a)?l =c+a,[c+ (a+b)]?
-(a+b)[c+ (a+b))l + (c-a) ~2c=a+b +c, ()
[2 J“ BT EICHAE “JL+787, IKBREBOE . BRI TTHE: 48uf - 6561°

+ 960u' + 681 — 851u® + 424u — 48 = 0, (P&)

[ &)
SR BFB R ZRR, WRFE S —{ER, RE: BPPRRESA
Ao izFofe, AR, W2EMERSH, B, EZHZX P, H:
0. B, BEEZHh 57 |
129,
K: BERA—HAE, A—HR, AX—HZ, ha—AMEHK, X
. i, A, BAEERRS VAR M, F2] 48 A FHA, 424
AR AAK, ~851 A KT AK, 68 % kR R, 960 % v AR
R, 656 AR RMEY, BARGRARK, FXRF, HEFFE,
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less the sum of the gou and the gu multiplied by the sum of the xian and the
he, plus the difference between the xian and the gou exceeds twice the square
of the xian by the sum of the three [ sides ]. '} Find the sum of the three
matters: the gou, gu, and xian.

Ans.12 bu.

Process. Let the element tian be the gou, the element di the gu, the element

ren the xian, and the element wu the required number. These four phenom-
ena meeting we obtain 48 for the negative shi, 424 for the positive fang,
851 for the negative upper lian, 68 for the positive second lian, 960 for the
positive third lian, 656 for the negative fourth lian, and 48 for the positive

yu, an expression' 2! of the sixth degree whose root is the required number.

[ Notes ]
[1] Thatis,b* - {[(a+b) —c]?+ (c-a)*}t =c+a [c+ (a+b)]?

—(a+b)[c+ (a+b)] + (¢c-a) -2¢=a+b+c (G)

[ 2] 96 in the original text is an error. According to Dai Xu’ s research, we substi-
tute 960 for 96. The expression in modern form is the equation: 48u® — 656u° + 960u" +

681> — 851u® + 424u - 48 = 0. (C)
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4.
[ R )
SHEAAH=F, SWEHAN 9%, Rx=#FHE A3, 50HHEAH.
AR, TR WA A, R, %, &, BUREERE D R A), B, 3K, L B
B HEIHG LM
ZH. —1H#.
ARHE: MRIL—RFE, #T—HB, AJT—H5%, YWx—HRA%, I
FHMERZ, BETFABATHES, EAETRAN AR,
—+—ANF—EBA+TINALE, AFEBNT A, —F=8
t+HRFE=5E, £+ HEUEE, \NIERE, IRERFFZ. 12 S,

[i+% )
[1]ieR#. ARAFINA, B, HED: A+ (a+b+c) =4ab+2a, (a+
b+c)-B={a+b+c+ [(a+b) -cll -b, (F)

[2] FHFRBBARTER Y. 8us — 70u® — 2375u* + 5780u® + 118160u? —
75584u + 7680 = 0, (BE)

[ 4% ]
AH BAeit) B, ZZf, SA4BEHKRFHERAM2EGHEF, R
boil, | R, EI PR EELEP, EWAI it A8REH, wiadd
.M. % kv, REREAEF, B B, K&, B, HRP, GREEZF
ZFah %7
Z: 209, )
A BEA—HEH, WA—HK, AL—HE, WOo—AEKE, X
. B, AL, BamEiafea A KE®. 527680 4w #HA,
—75584 h— kR A ¥, 118160 H KR A4, 5780 A= KRFAARHK,
2375 A kT AN, 10 B EKAAK, 8ARBAALAK, Fr
RF o HEPTFE,



4. The five he plus the sum of the three | sides ] is equal to four times the zhi
ji plus twice the gou. The difference between the sum of the three [ sides ]
and the five jiao is equal to the sum of the four [ the gou, gu, xian, and the
huang fang ] minus the square of the gu.!' Find the sum of the five matters:
the gou, gu, xian, he and jiao.
Ans.20 bu.
Process. Let the element tian be the gou, the element di the gu, the element
ren the xian, and the element wu the required number. These four phenom-
ena meeting we obtain 7680 for the positive shi, 75584 for the negative
fang, 118160 for the positive upper lian, 5780 for the positive second lian,
2375 for the negative third lian, 70 for the negative fourth lian, and 8 for

the positive yu, an expression [2) of the sixth degree whose root is the re-

quired number.

[ Notes ]

[ 1 ]Let the five ke be A, and the five jiao B. From the statement we have A +( a +
b+c) =4ab+2a, (a+ b+c) -B= la+b+c+ [(a+b) -cll -b.
(G)

[ 2 ] The expression in modern form is the equation: 8u® — 70u° — 2375u* + 5780u°

+ 118160u? — 75584u + 7680 = 0. (C)

I %008 m

SUMOUMUN Jn04 8Y1 JO oL eper

-
P‘
=
e
i
o
7]

o
e
e
=FI
=
™
=
Ll o
LX)
=
=
ﬁ-.

15




RHIE N

Ak

686

5.
[ Fx)
SHA, B HEAR, BER, SHEZEHFEES. N5 AAN=
5, R, BAK, SEZARRESRARMRE, 0 [ vhF=
AR
BE P
RE: SIRTC— N, HTT— A, AT—HE, Wa—RIFH, o
FRERZ, BEFLHNESE, —B—+RH, W+—h%
B, SIHHFZ, 2 @S, A,

[ %)
(1T HBP: (a2 + B2+ 2) -A=2[(a+b) -c]?,
(A+2a+20) -8c=%B+ [(a+b) -cl (%)

[2] FFAMBLIER R, 4102 - 1124 + 3072 = 0, (BE)

[ 4% )
AEH, B, BEARZA, RELM, 5280 &F5FME. RE:
Afem 24t ) B EME LA, MBI, FTARRY 55 EHK
ZHa, B H, K, ZEEEP, AR, AFFIAHS DT
549,
R: ZEA—AE, A—HK, AX—HZ, hAa—HEK, X
Ay W, A, MAWEFL AR, 523072 4 FHA,
—112A—KFA A, NARHLKARYK, Fir, F4F. FEP09,
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5. The sum of the squares of th_e gou, the gu, and the xian minus the five he is
equal to twice the square of the huang fang. The five he plus twice the square
of the gou plus twice the square of the gu minus eight times the xian is equal
to one-half of the square of the five jiao plus the difference between the he
and the xian. ' Find the cube root of the sum of the thirteen matters: the gou,

gu, xian, five he, and five jiao.

Ans.4 bu.

Process. Let the element tian be the gou, the element di the gu, the element
ren the xian, and the element wu the required number. These four phenom-
ena meeting we obtain 3072 for the positive shi, 112 for the negative fang,
and 41 for the negative yu, a cubic expression ‘2 whose root, 4 bu, is the

required number.

[ Notes ]
[1] Thatis, (@ + P +2) —A=2[(a+b) —cl? (A +2a+20) -

8c=%31+ [(a+b) -cl (G)

[2] The expression in modern form is the equation: —411* ~ 112u + 3072 = 0.

(C)
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[ R ]

SH—BAREL, B AREER, HZRHEX, U=A%l, —

MR, — AT, iR, =RAFZ, SHEBHF U Ha:

ARABR_EHR, =M, SEHEREERE. HERE. BURME, 2

Rz HZ=MM, WEF, SHEEERRS, P 6 TBULH?

BE: .

ARE: STXKITT—H4a, Hin—A&k, AJT—AHR%, Yo—AFE8, ™
SHERY, B—F—HRETHNESE, LEATAREN, AEH
+ R LR, —TEtAALT B, =AU =5, LT
AR VURE, —F AT —H—+ " FNTE, ATEEALHIUREA
B, \TLtaENLt+ENBLE, —F _FARE=TtRIN\E, —F
=+t AMNIUEE, — L T—BAT AN+, A -F-8ht=
BN+ —BE, — A —F—Ba—t "k +, —THERE, +=
FeHFFZ, 4 B, Bkkd. &6

-k WBEHIIER

[ %]
[1]iE A& BRZAN Q:
O=(a+b)?2+ (a+c)?+ (b+c)?+ [(a+b) +c]?+ [(b-a) +
cl?, e R u, WudRHFR: 20t + v’ + w2 - 3u + @ =0, (¥)
[2]BD: (a+b)2-2ab+ (a+b+c) = ()2 + - b, (FB)
[310LB1: 2 (a+b+c) + [(a+b) —c] =we (3)
[4 1 FHFRMBATERH: 20066 — 111126" + 22292u' - 19168u" + 20301

+ 12637u® - 8795u® — 879947 + 19112u® — 9008u° — 384u* + 1792w - 640u* — 768u

+ 1152 = 0, (BE)
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6. A number is to be determined from the following conditions. If we take the
sum of the square of the five jiao for the positive shi, 3 for the negative fang,
1 for the positive upper lian, 1 for the positive lower lian, and 2 for the nega-
tive yu, we then form an expression of the fourth degree whose root is the
required number. { ' The square of the sum of the gou and the gu minus twice

the zhi ji plus the sum of the three[ sides |is equal to the square of the square

of the required number plus the square of the xian minus the gu; 2) and one —
half of the sum of the three [ sides ] plus the huang fang is equal to the cube
of the required number. [*] What is the number?
Ans.2 bu.
Process. Let the element tian be the gou, the element di the gu, the element
ren the xian, and the element wu the required number. These four phenom-
ena meeting we obtain 1152 for the positive shi, 768 for the negative fang,
640 for the negative upper lian, 1792 for the positive second lian, 384 for
the negative third lian, 9008 for the negative fourth lian, 19112 for the

positive fifth lian, 8799 for the negative sixth lian, 8795 for the negative
seventh lian, 12637 for the positive eighth lian, 2030 for the positive ninth
lian, 19168 for the negative tenth lian, 22292 for the positive eleventh lian,
11112 for the negative twelfth /ian, and 2006 for the positi;ve yu, an expres-

sion'*] of the fourteenth degree whose root, 2 bu, is the required number.

[ Notes ]
[ 1] Let the sum of the square of the five jiagobe Q. Then,Q = (a + b)? + (a

+c2+(b+c)+[(a+b)+c)*+ [(b-a)+c ]2 And let the required number

be u. Then, u satisfies the equation: ~2u* + u* + u* - 3u + 0 = 0. (G)
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[ 4iF ] |
SH—BRe$ Y, Rl AHE AR, Mt Ah TR, -3 45— KR
A, I AZKRTAK, | AZRAEYE, 2ABHAAAK, Fok
F, RFAF#EZHMAF, Rl JRAOAFEEL 229 KFHER,
mE | K, EEEZ, HEEZFGEE, R, BABREF, L
e f M, EHEALAE g, WRF, HEKSIFLRF, A R
REGBAH % V7
2%,
R: BEA—HE, WA—HK, AL—HE, WA—HEHK, X
T, WA, AT, HAEERALARLEM, 2] 1152 A ¥ 50,
~768 A — KA F M, —640H —RAFRH, 1792 4 Z KA %, -384
S ARAHRE, —9008 A4 B AR AK, 191124 X KA LK, —8799 4
L RA B, —8795 HNKR F I, 12637 A KRA F 3, 2030 4+
KA G, ~19168 A+ —KA A M, 22292 A+ KR A, —11112
AT ZRAZI, 2006 H R &HRA R, Frwii, #22¥, #
RRK GG H, HEFTE,



[2] Thatis, (a+b)*-2ab+ (a+b+c) =(u?)*+-b. (G)

[ 3] Thatis, %(a+b+c] + [(a+b) -c)] =ud. (G)

[ 4 ] The expression in modern form is the equation: 2006u' — 11112u'3 + 222924
— 19168u'" + 2030u' + 12637u® - 8795u® — 8799’ + 19112u® ~ 90084° — 384u* +

1792 — 64012 — 768u + 1152 = 0. (C)
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[ HiE ]
— 7 B

6% =1E
10E=1#
108 = 13
108=14]
1041=148
104 =17
10 F+ =13}
10 3} = 1

692

10& = 1%
108 = 1%
68 =14
45 =1M
16F=1fF
15 fr = 1 FF
30/7=18
44 =18 = 120 T
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108 =1%
1042 = 1%
10Z=1H
108 = 1 4>
104r=1°F
10°F=1R
10 R =13k

32R =1L | REFHF2L4R = 1L
515K =13, FEAN4 L8R =135
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Appendix: Tables of Measures Used by Zhu Shijie in
His Introduction to Mathematical Studies

BHAIE R

=

[ Original Text ]
|. Heaped Measure

6 su (3, grain) = 1 gui

10 gui (£) = 1 cuo (&, pinch)

10 cuo (#& ) = 1 chao (#F, handful )
10 chao (#5) = 1 shao (~], spoonful )
10 shao (~]) = 1 he (&)

10he (&) = 1 sheng (F)

10 sheng (F) = 1dou ( 3} )

10dou () = 1 hu ()

Il . Weight Measure

10shu (&) = 1lei (%)

10lei () = 1zhu (%)

6 zhu (#k) = 1fen (51)

Afen (4y) = 1liang ()

16 liang (B9 ) = 1jin (JT)

15jin (JT) = 1cheng (F£)

30jin (Fr) = 1jun (£3)

4jun (8)) = 1shuo () = 120jin (JT)



ll . Linear Measure

10 hu () = 1si (£, silk thread )

10si (#£2) = 1hao (%)

10hao (Z) =16l (J&)

10 (JE) = 1fen (43)

10fen (43) = 1cun (F)

10cun (°F) = 1chi ()

10chi (R) = 1zhang (3£ )

3zhang () 2chi (R) = 1pi (VT ) or sometimes 2 zhang ( 3L )
4chi (R) = 1pi (L)

5zhang (3£ ) S5chi ( R)
8chi (R) = 1duan (%)

1 duan ( %% ) or sometimes 4 zhang ( 3L )

[ Note ]

[ 1] The terms pi and duan are used only in measuring cloth. Cloth is woven in

single strips sometimes containing one length and sometimes another.( C )
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